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INTRODUCTION 


It  is  customary  to  divide  all  living  organisms  into  two  great  kingdoms, 
animal  and  vegetable.  A  sharp  boundary  line  between  animal  and 
vegetable  life  can,  however,  be  drawn  only  in  the  case  of  the  more 
highly  developed  organisms ;  while  in  those  of  more  simple  organisa- 
tion all  distinctions  disappear,  and  it  becomes  difl&cult  to  define  the 
exact  limits  of  Botany  and  Zoology.  This,  in  fact,  could  scarcely  be 
otherwise,  as  all  the  processes  of  life,  in  both  the  animal  and  vegetable 
kingdoms,  are  dependent  on  the  same  substance,  protoplasm.  The 
more  elementary  the  organism,  the  more  apparent  the  general  quali- 
ties of  this  protoplasm  become,  and  hence  the  correspondence 
between  the  lower  organisms  is  specially  striking.  With  more  compli- 
cated organisation,  the  specific  differences  increase,  and  the  character- 
istics distinguishing  animal  from  vegetable  life  become  more  obvious. 
For  the  present,  it  must  be  confessed,  the  recognition  of  an  organism, 
as  an  animal  or  a  plant,  is  dependent  upon  its  supposed  correspondence 
with  an  abstract  idea  of  what  a  plant  or  animal  should  be,  based 
on  certain  fancied  points  of  agreement  between  the  members  of  each 
class.  A  satisfactory  basis  for  the  separation  of  all  living  organisms 
into  the  categories  of  animals  or  plants  can  only  be  obtained  when  it 
is  shown  that  all  organisms  distinguished  as  animals  are  in  reality 
genetically  connected,  and  that  a  similar  connection  exists  between 
all  plants.  The  method  by  which  such  evidence  may  be  arrived  at 
has  l)een  indicated  in  the  Theory  of  Evolution. 

From  the  palajontological  study  of  the  imprints  of  fossil  animals 
and  plants,  it  has  been  established  that  in  former  epochs  forms  of 
life  differing  from  those  of  the  present  age  existed  on  the  earth.  It 
is  also  generally  assumed  that  all  living  animals  and  plants  have 
been  derived  from  previously  existing  forms. 

The  conclusion  is  a  natural  one,  that  those  organisms  possess- 
ing almost  exactly  similar  structures  which  have  been  united  as 
s[>ecies  under  the  same  genera  are  in  reality  related  to  one  another. 
Indeed,  it  is  permissible  to  take  a  further  step,  and  assume  that  the 
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unioD  of  corresponding  genera  into  one  family  acn'ee  to  give  expression 
to  a  real  relationship  existing  between  them. 

The  evolution  of  a  living  organism  from  others  previously  existing 
and  different  in  form  has  tieen  distinguished  by  HaecKKL  as  its 
phylogenetie  development  or  Phylogeny.  Every  organism  arising 
from  a  like  organism  must,  before  attaining  its  mature  state,  com- 
plete its  own  individual  development,  or,  as  it  has  been  termed  by 
Haeckel,  its  ontogenetic  development  or  Ontogkny.  The  supposi- 
tion that  the  successive  steps  in  the  ontogenetic  development  of 
an  organism  correspond  to  those  of  its  phylogenetie  development, 
and  that  the  ontogeny  of  an  organism  is  accordingly  a  more  or 
less  complete  repetition  of  its  phylogeny,  was  first  asserted  by  Fritz 
MiJLLRR,  who  based  his  conclusions  on  the  results  of  comparative 
research. 

The  idea  of  the  gradual  evolution  of  higher  organisms  from  lower 
was  familiar  to  the  Greek  philosophers,  but  a  scientific  basis  was  first 
given  to  this  hypothesis  in  the  present  century.  Through  the  work  of 
Cearles  Darwin  in  i>articular,  the  belief  in  the  immutability  of 
species  has  been  overturned. 

Dakwin  is  also  the  author  of  the  so-called  Theory  of  Selection. 
In  drawing  his  conclusions,  he  proceeds  from  the  variability  of  living 
organisms,  as  shown  by  the  fact  that  the  offspring  neither  exactly 
resemble  their  parents  nor  each  other.  To  establish  this  theory,  he 
also  called  attention  to  the  constant  over-production  of  embryonic 
germs,  by  which  the  destruction  of  the  greater  part  must  inevitably- 
result  If  this  were  not  so,  and  all  the  embryos  produced  by  a  single 
pair  attained  their  full  development,  thej'  would  alone,  in  a  few 
generations,  completely  cover  the  whole  surface  of  the  earth.  The 
actual  condition  of  the  floras  and  faunas  is  thus  maintained  by  the 
restricted  development  of  the  embryos.  On  account  of  insufficient 
apace  for  all,  the  different  claimants  are  engaged  in  an  uninterrupted 
struggle,  in  which  the  victory  is  gained  by  those  that,  for  any  reason, 
have  an  advantage.  Through  this  "  struggle  for  existence,"  as  only 
those  organisms  possessing  some  advantage  live  and  matuiv,  a  process 
of  enforced  selection  between  the  rooi-e  fortunate  survivors  must  result. 
In  this  manner  Darwin  arrived  at  the  supposition  of  a  process  of 
Natubal  Selection,  and  confirmed  his  position  by  analogy  with 
known  results  obtained  by  experimental  cross-breeding  and  cultivation. 
Newly-develo]>ed  peculiarities  arising  from  individual  variability  must 
be  inherited  in  order  to  become  permanent  characteristics  of  a  later 
generation.  Just  as  in  artificial  selection,  natural  selection,  although 
unconsciously,  accomplishes  tbis  result.  As  individual  peculiarities 
may  be  developed  by  careful  breeding  and  rendered  permanent,  so 
by  natural  selection  those  qualities  which  are  adviLntagcous  in  the 
struggle  for  existence  become  more  pi-onounced  and  are  finally  con- 
firmed by  heredity.     By  the  continued  operation  of  natural  selection, 
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organisms  must  result  which  are,  in"  the  higiiest  degrue,  filled  and 
adapted  to  their  environment.  Tliua,  by  the  survival  of  the  fittest, 
through  natural  selection,  that  adaptability  to  the  environment  is 
gradually  evolved  which  is  such  a  striking  characteristic  of  organic 
life.  That  the  traoBitional  forma  in  this  process  of  phylogenetic  de- 
velopment no  longer  exist,  is  accounted  for  in  the  theory  of  natural 
selection  hy  the  assumption  that  the  struggle  for  existence  must 
necessarily  have  been  most  severe  between  similar  organisms.  For 
similar  organisms  must  have  similar  necessities,  and  the  new  and 
better-equipped  forms  must  ultimately  prevail  over  the  original  less 
specialised  oi^anisms,  which,  thus  deprived  of  the  essential  requisites 
for  their  existence,  finally  disappear. 

Although  the  great  importance  of  natural  selection  in  the  develop- 
ment of  the  organic  world  has  been  fully  recognised  by  most 
naturalists,  the  objection  has  been  raised  that  it  alone  is  not  a 
sufficient  explanation  of  all  the  different  processes  in  the  phylogeny 
of  an  organism.  Attention  has  been  called  to  such  organs  as  would 
be  incapable  of  exercising  their  function  until  in  an  advanced 
stage  of  development,  and  so  could  not  originally  have  been  of  any 
advantage  in  a  struggle  for  existence.  Mow  could  natural  selection 
tend  tji  develop  an  organ  which  would  be  useless  so  long  as  it  was 
still  in  a  rudimentary  condition  7  This  objet:tion  has  led  to  the 
Bupposition  of  an  internal  force  residing  in  the  substance  of  the 
organisms  themselves,  and  controlling  their  continuous  development 
in  certain  definite  directions.  Many  naturalists,  indeed,  have  gone  so 
far  as  to  affirm  that  only  less  advantageous  qualities  have  been 
affected  by  the  struggle  for  existence,  while  the  more  advantageous 
have  been  uninfluenced  by  it. 

The  phylogenetic  changes  in  the  species  have  been  so  gradually 
accomplished  as  to  have  escaped  observation,  and  indirect  evidence  of 
their  existence  is  all  that  can  be  obtained. 

If  the  higher  organisms  have  been  evolved  from  the  lower,  there 
must,  at  one  time,  have  been  no  sharp  distinction  between  plants  and 
animals.  The  simplest  organisms  which  now  exist  are  in  all  proba- 
bility simitar  to  those  which  formed  the  starting-point  in  the  phylo- 
genetic development  of  animal  and  vegetable  life;  and  it  is  still 
impossible  to  draw  a  sharp  distinction  between  the  lower  forma  of 
plants  and  animals.  The  walla  which  surround  the  elementary  organs 
ol  the  plant  body,  and  the  green  colouring  matter  formed  within  them, 
have  been  cited  as  decisive  indications  of  the  vegetable  character  of  an 
oTganiam.  Surrounded  by  firm  walls,  the  living  substance  becomes 
more  isolated,  and,  consequently,  independence  of  action  in  plants,  aa 
compared  with  animals,  is  diminished.  By  means  of  the  green  colour- 
ing matter,  plants  have  the  power  of  producing  their  own  nutritive 
■ubsUtnces  from  certain  constituents  of  the  air  and  water,  and  from  the 
««lt«  contained  in  the  soil,  and  are  thus  able  to  exist  independently  ; 
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while  animaU  are  dependent  for  their  nourishment,  and  so  for  their 
very  existence,  on  plants.  Almost  all  the  other  differences  which 
distinguish  plants  from  animals  may  be  traced  to  the  Btnicture  of 
plants,  characterised  by  the  firm  walla  of  the  simple  organs,  or  to  the 
manner  of  obtaining  food.  Another  characteristic  of  plants  is  the  un- 
limited duration  of  their  ontogenetic  development,  which  is  continuous, 
at  certain  points  at  least,  during  their  whole  Ufa  That  none  of  these 
criteria  are  alone  sufBcient  for  distinguishing  plants  from  animals  is 
evident  from  the  fact  that  all  the  Fungi  are  devoid  of  green  pigment, 
and,  like  animals,  are  dependent  on  green  plants  for  their  nourish- 
ment. On  the  borderland  of  the  two  kingdoms,  where  all  other  dis- 
tinctions are  wanting,  phylogenetic  resemblances,  according  as  they 
may  indicate  a  probable  relationship  with  plants  or  animals,  serve  as 
a  guide  in  detfirmining  the  position  of  an  organism. 

While  it  is  thus  difficult  to  sharply  distinguish  the  two  great  group 
of  living  oi^anisms  from  one  another,  a  distinction  between  them  and 
lifeless  bodies  is  readily  recognised.  Living  organisms  are  endowed  with 
the  quality  of  irritability,  in  which  all  lifeless  bodies  are  deficient, 
External  or  internal  stimuli  influence  living  organisms  to  an  activity, 
which  is  manifested  in  accordance  with  the  requirements  and  conditions 
of  their  internal  structure.  Even  in  the  smallest  known  organisms 
till  manifestations  of  life  are  occasioned  by  a  similar  sensitiveness  to 
external  or  internal  stimuli.  The  question,  however,  continually  arises 
whether,  in  the  smallest  and  simplest  oi^anisms  at  present  discernible 
with  the  highest  magnifying  power  of  the  microscope,  the  ultimate 
limit  of  possible  life  is  actually  represented.  As  this  limit  has  always 
been  extended  with  the  increased  capabilities  of  optical  instruments,  it 
would  seem  arbitrary  to  assert  that  it  would  now  be  impossible  to 
extend  it  still  fm-ther.  Nageli  accordingly  assumed  that  beyond 
what  is  now  made  visible  by  the  microscoije  there  exists  a  world  of 
still  more  and  more  simple  organisms.  These  he  conceived  of  as 
showing  such  a  degradation  of  the  vital  processes  that  they  finally 
resemble  mere  albuminous  bodies,  which,  he  supposed,  under  certain 
conditions  might  be  produced  by  purely  synthetic  processes.  In  order 
that  a  living  oi^anism  may  develop  out  of  such  albuminous  bodies 
it  must  originally  have  inherent  in  it  the  capability  of  development, 
that  is,  the  capability  of  variation  and  the  ability  to  retain  llie 
results  of  this  variability  as  new  qualifications.  It  must,  in  addi- 
tion, have  the  capability  of  growth,  or  of  enlarging  the  mass  of  its 
body  at  the  cost  of  foreign  substances,  and  finally,  the  power  of 
reproduction,  that  is,  of  multiplication  by  a  separation  into  distinct 
parts. 

For  the  substance  itself  which  serves  as  a  basis  for  all  development, 
the  supposition  of  an  inorganic  origin  would  not  be  incredible ;  it 
would  even  be  possible  to  imagine  that,  under  certain  conditions, 
this  substance  is  continually  in  process  of  formation.     On  the  othfl| 
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Jujid,  it  must  not  be  forgotten  that,  so  far  as  U  actually  known,  all 
living  organisms  have  arisen  only  from  similur  organisms.  So  far  as 
•xperience  has  shown,  spontaneous  generation  is  unknown.  In  olden 
times  it  was  a  common  supposition  that  all  nature  itself  was  endowed 
with  universal  life.  According  to  Aristotle,  frogs  and  snakes  sprang 
from  mud  and  slime.  In  the  same  degree  that  knowledge  of  the  actual 
development  of  living  organisms  was  extended,  the  previously  accepted 
cases  of  spontaneous  generation  became  more  and  more  restricted,  and 
were  finally  limit-ed  to  intestinal  worms  which  could  not  otherwise,  it 
waa  thought,  be  accounted  for,  and  to  microscopic  organisms  the 
origin  of  which  was  also  not  understood.  Now,  for  such  organisms 
&e  possibUity  of  a  spontaneous  generation  has  been  disproved  by  more 
nodem  investigations ;  the  history  of  the  development  of  intestinal 
worms  is  known,  and  the  germs  of  organic  life  have  been  found  to  exist 
everywhere.  Schwann  and  Pasteuk  have  been  pioneers  in  this  work, 
and  have  shown  that  it  is  possible  to  hinder  the  development  of  the 
lower  organisms,  in  places  where  it  is  customary  to  find  them,  by 
destroying  all  existing  germs  and  at  the  same  time  preventing  the 
entrance  of  new  ones.  It  is  due  to  the  results  obtained  by  these 
men  in  their  investigations  on  spontaneous  generation  that  we  are  now 
able  to  preser>*e  food  in  a  scientific  manner.  The  germs  previously 
existing  in  the  substance  to  be  conserved  are  destroyed  by  beat, 
while,  by  a  proper  mode  of  sealing,  the  entrance  of  new  germs  is 
nndered  impossible,  and  the  decomjiosition  which  their  presence  would 
is  accordingly  prevented. 

jyi  known  living  organisms  have  been  derived  from  other  living 
The  attempt  to  relegate  spontaneous  generation  to  an  un- 
fleld,  and  to  admit  the  origin  of  living  from  dead  substances, 
on  the  other  hand  derived  support  from  the  progress  of  chemical 
tMearch.  In  the  early  decades  of  the  present  century  it  was  customary 
to  draw  a  distinct  line  of  separation  between  organic  and  inorganic 
chemistry,  and  to  assume  that  the  substances  dealt  vrith  by  organic 
chemiatry  could  only  be  produced  by  the  vital  action  of  organisms. 
The  laws  governing  inorganic  chemistry  appeared  to  have  no  refer- 
ence to  organic  chemistry,  the  formation  of  organic  substance  being 
due  to  a  sj^ecial  force,  the  "life  force."  In  11*28  WfiHLER  obtained 
urea  from  ammonium  cyanate,  and  thus  for  the  first  time  produced 
u  organic  compound  from  an  inorganic  substance.  In  ISift 
KoLBB  completely  synthesised  trichloracetic  acid,  and  in  IfioO 
Bkrthelot  synthesised  alcohol  and  formic  acid.  By  these  results 
the  former  distinction  between  organic  and  inorganic  chemistry  was 
deatroyed.  Organic  chemistry  has  become  the  chemiatry  of  carbon 
■ompounds. 

Botany,  or  the  science  of  plants,  may  bo  divided  into  a  general  and 

part     In  the  general  part,  the  structure  and  functions  of 

will  be  considered  ;  in  the  special  part,  the  particular 
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Structure   and   functions  of   the   separate   orders  of  plants  will   be 
discussed. 

The  study  of  the  structure  of  plants  is  called  Morphologt  ;  that 
of  their  functions  Physiology.  In  the  general  part,  morphology 
and  physiology  will  be  treated  separately ;  in  the  special  part,  con- 
jointly. 


PART  I 
GENERAL  BOTANY 

SECTION  I 

MORPHOLOGY 


1 


GENEEAL  BOTANY 


MOHPHOLOay 


I 


The  object  of  vegetable  morphology  ia  the  ecienttfic  study  of  the  foriuH 
of  planUi.  It  does  not  attempt  to  discover  the  caiisea  of  the  variation 
in  the  forms,  but  rather  has  accomplished  its  purpose  when  it  succeeds 
in  showing  how  one  form  may  be  derived  from  another.  The  basis  of 
morphological  study  is,  accordingly,  phylogeny  (p  2).  As  phylogenetic 
development  can  only  be  inferred,  and  cannot  be  directly  followed,  the 
methods  of  morphology  must  also  be  iiidii-ect.  They  are  dependent  for 
their  successful  application  upon  ontogenetic  comparison  ;  for,  in  the 
ontogenetic  development  (p.  2)  of  a  plant,  its  phylogeny  is,  to  a  certain 
extent,  repeated,  so  that,  by  a  comparison  of  transitional  forms,  it  is  often 
possible  to  discover  a  connection  between  plants  which  are  apparently 
must  dissimilar.  As,  however,  the  ontogeny  of  a  plant  is  neither  an 
exact  nor  invariable  repetition  of  its  phylogeny,  and  as  connecting  links 
between  extreme  forms  are  often  wanting,  the  results  of  morphological 
study  are  frequently  imperfect  and  incomplete.  Such  parts  or  mem- 
bers of  plants  which  it  is  reasonable  to  presume  have  hod  a  common 
origin  are  distinguished  as  Homologous  ;  those  which,  while  probably 
having  different  origins,  yet  exercise  the  same  functions,  are  termed 
Ahalooous.  Through  the  adaptation  of  diU'erent  parts  to  the  same 
function,  a  similarity  in  both  external  form  and  internal  structure  often 
results ;  and  in  this  way  the  correct  determination  of  morphological 
relationships  is  rendered  extremely  difficult.  Only  homologons  parts 
bare  the  same  morphological  value.  This  homology  is  determined  by 
the  facts  of  phylogeny  and  origin,  and  not  by  any  correspondence  in 
function.  On  account,  however,  of  the  intimate  relation  existing 
between  the  form  and  function,  and  the  modifying  influence  of 
th«  one  upon  the  other,  it  will  be  necessary  in  the  morphological 
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study  of  the  different  members  of  plants  to  take  into  consideration 
their  physiological  signification,  as  organs.  When,  for  phylogenetic 
reasons,  it  seems  possible  to  attribute  to  a  number  of  different  mem- 
bers a  common  origin,  such  a  hypothetical  original  form  is  termed  the 
fundamental  or  primitive  form  ("  Grundform  ").  The  various  modifica- 
tions which  the  primitive  form  has  passed  through  constitute  its  meta- 
morphosis. In  this  way  the  theory  of  the  metamorphosis  of  plants, 
which  was  once  but  an  ideal  conception,  attains  its  time  significance. 

Slightly  differentiated  structures,  which  are  found  at  the  beginning 
of  a  series  of  progressively  differentiating  forms,  are  termed  rudi- 
mentary ;  imperfect  structures,  which  have  arisen  as  the  result  of  the 
deterioration  of  some  perfect  forms,  are  termed  reduced. 

Vegetable  morphology  includes  the  study  of  the  external  form  and 
the  internal  structure  of  plants.  The  descriptive  study  of  the  external 
form  of  plants  has  been  incorrectly  termed  organography,  for,  by  the 
use  of  the  term  "  organ,"  it  would  seem  to  have  a  physiological  signi- 
fication. Morphology  takes  no  recognition  of  the  parts  of  a  plant  as 
organs,  but  treats  of  them  merely  as  members  of  the  plant  body.  The 
study  of  the  internal  structure  of  plants  is  often  designated  Anatomy 
or  I%ytotomy  ;  but  as  it  usually  includes  also  the  study  of  the  more 
minute  internal  structure,  it  resembles  rather  histology,  in  the  sense 
in  which  that  term  is  used  by  zoologists,  and  concerns  itself  to  a  much 
less  degree  with  anatomy,  properly  speaking.  In  any  case,  it  is  the 
simplest  plan  to  designate  the  study  of  the  outer  forms  External 
Morphology,  and  that  of  the  inner  structure  Internal  Morphology. 


I.  EXTERNAL  MORPHOLOGY 

Plants  show  a  great  diversity  in  the  form  and  arrangement  of 
their  members ;  it  is  the  task  of  morphology  to  determine  the  points 
of  agreement  existing  between  them.  To  do  this,  it  is  necessary  to 
discover  a  common  origin  for  their  similar  but  variously  developed 
members. 

The  Development  of  Form  in  the  Plant  Kingdom 

The  Thallus. — The  simplest  form  that  we  can  imagine  for  an 
organism  is  that  of  a  sphere,  and  this  is  actually  the  form  of  some  of 
the  lower  plants.  The  green  growth  often  seen  on  damp  walls 
consists  of  an  aggregation  of  the  small  spherical  bodies  of  Gloeocapsa 
polydeiTrndica  (Fig.  1),  an  Alga  belonging  to  the  lowest  division  of  the 
vegetable  kingdom.  The  single  plants  of  the  Beer-yeast  {Saccharomyc^s 
cerevisiae)  are  ellipsoidal ;  but,  from  their  peculiar  manner  of  growth, 
by  budding,  they  form  lateral  outgrowths,  and  thus  often  appear 
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constricted  (Fig.   2).      Cylindrical   and  also  disc -shaped   foraiB  are 

e.      The   Diaiomtae  (Fig.   3),    in  particular, 

furoiah  a  great  variety 

of  Bpindle,  canoe,  helmet, 

and  fan-like  shapes ;  but 

they  may  all  be  derived 

from    the    more    simple   ' 

I  spherical,     discoidal,    or 

.  ■v_--v--^-    cylindrical  forms.     The 

[ffmT«\j  .BiKfaWa,   which,    as    the       ''*"■' 

vS.>^'  cause   of    contagious  diseases    and    of  de- 

_^  mposition,   have  been    the  object  of    so 

'"  J,  coinn^ceroent'^rdlvtji™ ;  much  recent  investigation,  also  exhibit  a 

&  •tiortiy  «ri*r  mviiion;  {.;  t.  great  diversity  of  form.     A  small  quantity 

ui-trt^e.  (xMo.)  jjf  jjjg  i^hite  deposit  on  teeth  will  furnish 

examples  of  spherical,  rod-like,  fibrous,  and  spiral  bacteria  (Fig.   4). 

In  the  course  of  the   development  of   a   single   species   several   of 


Pid.  4.— BKteri*  train  depanlM  on  t«Ul.  u, 
LrjiMhrli  liwratit:  a*,  ths  miui  iftec  tnat- 
uient  wJtli  iDdinn:  b,  Uicraamu:  c,  Spir- 
iUxn  dnHiim  iftf-r  Inwunflnt  irlUi  lod]D>: 
d.  coiiiiu  bulllJ  or  ths  itiucom  tnBinbiBDs  of 
tha  mouth.    (XSOO.) 


ifferent  forms  frequently  occur.     The  next  stage  in  the  pro- 

%  development  of  external   form   in   the  vegetable  kingdom 

1  by  such   plants  as  show  a  DIFFERENTIATION   INTO   APKX 


AND  BASE.  The  base  eerves  as  a  point  of  attachment,  while  growth 
is  localised  at  the  apex.  In  this  way  a  growing  point  is  developed 
at  the  apex.  As  an  example  of  such  a  form,  a  young 
plant  of  the  green  Alga,  Ulna  Laduea  (Fig.  5),  may  be 
taken.  The  development  of  a  more  complicated  externa) 
form  is  represented  by  the  branched,  filamentous,  or 
band-shaped  Algae,  in  which  the  origin  of  new  formations 
is  more  and  more  restricted  to  the  apex.  An  acro- 
PETAL  order  of   development,  in    which   the   youngest 


foang   itige.    (bow. 


lateral  members  are  always  nearest  the  growing  apex,  is  clearly 
demonstrated  by  the  branched  filaments  of  the  common  green  Alga, 
Cladophora  glomraia  {Fig.  6).     Still  more  pronounced  is  the  apical 


growth  in  the  brown  sea -weed  Clttdmilephus  verttcillabts  (Fig.  7). 
The  great  variety  in  the  form  of  the  larger  Fungi  and  Lichens, 
h)-  which  they  are  distinguished  as  club-,  umbrella-,  fialver-,  or 
biiwl-shaped,  or  as  bearded 
Dr  shrub-like,  k  due  to  the 
union  or  intertwining  of 
apically  growing  filaments. 
This  manner  of  develop- 
ment is  limited  to  Fungi 
and  Lichens.  In  other 
cases,  the  more  complete  ^ 
teg  mentation  exhibited  by 
the  lower  planU  results 
from  the  differentiation  of 
independently  branching 
filaments  and  bands. 

Aa  the  apex  itself  may  m..  h,-;ii.-/yow.(.,/,/,i.,n.,i.    (jmi, -izr.j 

modifications  through    continuous   bifurcation,    as 

of   Dirb/oCa    dirJiotoiiia    (Fig.     8),    it    does    not    always 

"y  follow  that  the  for- 


mation of  new  members  must 
proceed  directly  from  the  ori- 
ginal apex.  The  highest  de- 
gi-oe  of  exteraal  differentiation 
among  the  lower  plants  is  met 
with  in  the  group  of  the  red 
BB^-v/eedsdihodophi/ef'iK).  Many 
represontatives  of  this  class  re- 
semble the  higher  plants  in  the 
formation  and  arrangement  of 
their  members ;  Ht/ilmlajMiihum 
^iiufuiiiciijii  (Fig.  9),  for  ex- 
ample, aa  is  indicated  by  its 
name,  has  a  strong  resemblance 
to  a  species  of  liumej,  and  affords 
a  remarkable  illustration  of  the 
analogy  of  form  existing  be- 
tween plants  phylogenetically 
unconnected.  On  account  of  a 
supposed  phylogenetic  connec- 
tion between  the  lower  plants, 
they  have  been  collectively  de- 
signated THAixopin'TK-s,  while 
the  body  of  the  individual 
organianu,  having  neither  true  leaves  nor  3t«m,  is  referred  to  as  a 
TtULLt'S.     In  contrast  to  the  thallus,  the  body  of  the  higher  plants, 
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with  its  Begmentation  into  stem  and  leaves,  U  frequently  tenaed  n 
CORMUs,  and  the  plants  themBelvea  CormophtiTES.  To  the  Cormo- 
phytea  belong  all  plants  from  the  Mosaea  upwards. 

Transition  from  tlie  Thallus  to  the  Cormus. — The  lowest  divis' 
of  the  Bryophyt«a,  the  Liverworta  {HejK'ticae),  altliough  i 


pOBseaaing  thalloid  bodies  without  any  segmentation  into  members, 
contain  also  forms  with  the  same  differentiation  into  stem  and  leaves 
as  the  higher  plants.  As  between  these 
two  extremes  there  may  be  found  transi- 
tional forms,  this  class  of  plant*,  accord- 
ingly, affords  valuable  assistance  in  the 
phylogenetic  study  of  the  development  of 
higher  plants.  A  few  examples  will  best 
illustrate  these  stages  of  ditferentiation 
exhibited  by  the  JleiMtime.  The  bifur- 
cately  branching  thallua  of  Fiicria  fluitans 
(Fig.  10}  is  flat  and  ribbon-like,  and  in 
its  general  appearance  resembles  the 
thallus  of  the  previously  mentioned  brown 
Alga,  Dklyola  didwimna  (Fig.  8).  A  more 
advanced  development  is  shown  by  Blasia 
pusilla  (Fig.  11),  which  has  incisions  in 
the  aides  of  its  ribbon-like  body.  The 
lobes  thus  formed  by  the  lateral  incisions, 
M  is  shown  by  comparison  with  other 
more  highly  differentiated  HejHtlkof,  and 
also  by  the  study  of  their  development, 
are  properly  to  b«  regarded  as  rudimental  leaves.  Finally,  in  Plagio- 
chila  aspltnioiikf  (Fig.  12),  with  alternating  uvate  leaves  and  elongated 
fibrous  stems,  the  aegmentation  into  stem  and  leaf  is  complete. 

The  Cormus. — With   the  segmentation   into  stem   and   leaf,  the 
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distinctive  differentiation  of  the  Cormophyte  is  completed.  This, 
in  all  probability,  has  occurred  twice  in  the  phylogenetic  development 
of  the  vegetable  kingdom ;  once  in  the  Bryophytes,  and  a  second  time 
in  the  evolution  of  the  Pteridophytes,  presumably  from  ancestral 
forms  resembling  the  Liverworts.  All  Bryophytes  are  attached  to 
the  surface  on  which  they  grow,  by  means  of  root-like  hairs  or 
RHizoiDS  (Fig.  11,  r).  It  is  in  the  next  higher  group  of  plants, 
which,  as  Vascular  Cryptogams,  are  united  in  one  class,  that  true 
roots,  in  a  morphological  sense,  first  make  their  appearance.  They 
are  for  the  most  part  cylindrical  bodies  with  apical  growing  points. 
Disregarding  the  distinctions  perceptible  in  its  internal  structure,  a 
root  may  always  be  distinguished  from  a  stem  by  the  root-cap  or 
CALYPTRA  sheathing  its  apex,  and  also  by  the  absence  of  leaves. 

The  Metamorphosis  of  the  Primitive  Forms. — After  the  completion 
of  its  differentiation  into  stem  and  leaf,  and  the  appearance  of  roots, 
there  occur  only  such  modifications  of  the  primitive  form  of  the  plant 
body  of  a  Cormophyte  as  are  embraced  under  its  metamorphosis 
(p.  9),  occasionally  including  a  more  or  less  complete  fusion  of  parts 
originally  separate  and  distinct. 

The  relationships  between  homologous  members,  which  are  often  very  striking, 
did  not  escape  the  notice  of  earlier  observers.  They  suggested  comparisons, 
although  no  real  phylogenetic  basis  for  such  comparisons  existed.  Thus,  an  ideal 
conception  of  the  form  of  external  members  was  develojxjd,  and  finally  reached 
its  highest  elaboration  in  Goethe's  Theory  of  Metamorphosis  ;  and  its  abstract 
scientific  conclusion  in  the  writings  of  Alexander  Braun.  As  the  great  variety 
exhibited  in  the  external  api)earance  of  the  lower  plants  precluded  any  i^ssibility 
of  assigning  to  them  hypothetical  primitive  forms,  the  whole  terminology  of  the 
external  morphology  of  plants  has  been  derived  from  conceptions  applicable  only 
to  the  Cormophytes.  Even  to-day,  the  same  terms  used  in  reference  to  the 
Cormophytes  are  applied  to  parts  of  the  Tliallopliytes,  which  are  evidently  only 
analogous.  In  this  sense  it  is  customary  to  distinguisli  between  stem  and  leaf 
in  such  Algae  as  Hydrolapathum  (Fig.  9).  Such  a  use  of  terms  is  only  i)ermissible 
where  reference  is  made  to  the  manner  of  segmentation,  with  the  intention  of 
emphasising  the  analogy  with  the  somewhat  similar  members  of  tlie  Cormophytes. 
The  question  whether,  in  tlie  different  groups  of  the  Cormophytes,  all  the  members 
designated  by  the  same  names  are  really  homologous,  cannot  properly  be  discussed 
here.  It  would  seem  almost  impossible  to  derive  from  the  Bryophytes  all  the 
forms  of  connophytic  segmentation  shown  by  the  Pteridopliytes.  However  this 
may  be,  from  the  Pteridophytes  upwards,  the  segmentation  of  tlie  members  appears 
to  have  had  a  similar  origin,  and  the  similarity  of  terminology  is  based,  therefore, 
upon  an  actual  homology  of  the  jtarts. 


Relations  of  Symmetry 

Every  section  through  an  organ  or  member  of  a  plant,  made  in 
the  direction  of  its  longitudinal  axis,  is  distinguished  as  a  longitudinal 


section ;  those  at  right  angles  to  it  being  termed  cross  or  tr&naverae 
sections.  Such  parts  of  plants  as  may  be  divided  by  each  of  three  or 
more  longitudinal  planes  into  like  halves  are  termed  either  PoLTSTH- 


METRICAL,  Kadial,  or  AcTiNciMnRfHic.  The  degree  of  symmetry 
peculiar  to  any  leafy  shoot  will  be  more 
apparent  from  a  diagram,  that  is  if  the 
leaves  which  it  bears  be  projected  on  a 
plane  at  right  angles  to  its  axis.  The 
radial  symmetry  of  a  shoot  with  opposite 
leaves  is  clearly  shown  in  the  adjoining 
diagram  (Fig.  13).  A  shoot  with  its 
leaves  arranged  alternately  in  two  rows 
shows  quite  ditTerent  relations  of  sym- 
metry. The  diagram  of  such  a  shoot 
(Fig.  14)  can  only  be  divided  into  similar 
halves  by  two  planes.  When  such  a 
condition  exists,  a  member  or  plant  is  said 
to  be  BiSYMMETRli  AI-  When,  however,  a 
division  into  two  similar  halves  is  only 
possible  in  one  plane,  the  degree  of  sym- 
metry is  indicated  by  the  terms  SYM- 
METRICAL, MONOSYMUETRICAL,  or  ZYtMJ- 
HORPHJC.  When  the  halves  are  equal,  but 
have  a  different  structure  and  are  spoken 
of  as  ventral  and  dorsal  sides,  the  body 
is  termed  Iior.S1Ventral.  Ordinarj-  foli- 
age-leaves exhibit  this  dorsiventral  struc- 
ture, and  their  upper  aTid  lower  surfaces 
n  apiwarance  but  tliey  also  react  differently 
In  the  accompanying  fis^ire  (Vig.  \S)  such  a 


ere  not  only  different 
to  external  influences. 


monoBynmietrical,  dorsiveotral  foliage  leaf  is  diagrammatically  repre- 
wnted.  From  the  surface  view  {^)  and  from  the  cro8»*ection  {£), 
which  the  distinction  between  the  dorsal  and  ventral  sides  is  in- 
dicated by  shading,  it  ia  obTJoue  that  but  one  plane  of  symmetry 
{»)  can  be  drawn.  Aa  the  zoologists  often  term  this  degree  of 
•ymmetry  bilateral,  the  same  term  is  frequently  employed  with 
reference  to  plants. 

Branch  Systems 

Thailojihyles  hs  well  as  (.'ormophytea  exhibit  systems  of  branching, 
resulting  either  from  the  formation  of  new  growing  poinia  by  the 
bifurcation  of  a  previously  existing  growing  point,  or  from  the  develoji- 
Ujenl  of  new  growing  points  in  addition  to  those  already  present.  In 
this  way  there  are  produced  two  systems  of  branching,  the  hr'Hutu- 
UOL's  and  the  monopodial.  By  the  uniform  development  of  a  continu- 
ously bifurcating  stem,  a  typical  dichotomous  system  of  branching  is 
produced,  such  as  is  shown  in  Dicti/iitn  'Ikhotmim  (Fig.  S).  In  a 
typically  developed  example  of  the  monopodial  system  there  may 
■iways  be  distinguished  a  main  axis,  the  monopodicm,  which  gives 
rise  to  lateral  branches  from  which,  in  turn,  other  lateral  branches 
ire  developed,  A  good  example  of  this  form  of  branching  is 
afforded  by  a  Fir-tree.  Where  one  of  the  two  branches  is  regularly 
developed  at  the  expense  of  the  other,  the  dichotomous  system 
Msames  an  appearance  quite  different  from  its  typical  form.  The 
more  vigorous  branches  may  tiien,  apparently,  form  a  main  axis, 
from  which  the  weaker  branches  seem  to  spring,  just  as  if  they 
Were  lateral  branches.  This  mode  of  branching  ia  illuatrated  by 
Qie  HeUigineiUie  (Fig.  351).  Such  an  apparent  main  axis  is  termed,  in 
accordance  with  its  origin,  a  Sybi- 
PODrxTM,  On  the  other  hand,  in  the 
monopodial  system  two  or  even 
teveiHl  lateral  branches  may  develop 
iDore  strongly  than  the  main  axis,  and 
10  simulate  true  dichotomy  or  polv- 
loMY.  Such  monopodial  forms  of 
braDching  are  referred  to  as  FAl.sE 
.BiunoToMy  or  fal.sk  tolvtomy,  ns 
tbe  case  may  be.  A  good  example 
ti  false  dichotomy  may  be  seen  in  the 
JfoUetoe  {y'lfrum  album.  Fig.  16).  ' 
If,  however,  a  lateral  branch  so  ex- 
needs  tbe  main  axis  in  development  that  it  seems  ultimately  to  become 
a  )irolongation  of  the  axis  itself,  a  sympodium  ts  again  formed.  This 
it  enctly  what  occurs  in  the  Lime  and  Beech ;  in  both  of  ihese 
trees  the  terminal  buds  of  each  year's  growtli  die,  and  the  pi-olonga- 


tion  or  the  stem,  in  the  following  spring,  is  continued  by  a  strong 
lateral  bud,  so  that  in  a  short  time  ita  aympodial  origin  is  no  longer 
recognisable.  In  moat  rhizomes,  on  the  other  hand,  tlie  sympodial 
nature  of  the  axis  can  be  easily  distinguished ;  as,  for  example,  iu  the 
rhizome  of /"(i^/oM^vm  ■muUifiomm  (Fig,  21),  in  which,  every  year,  the 
terminal  bud  gives  rise  to  an  aerial  shoot,  while  an  axillary  bud  pro- 
vides for  the  continuance  of  the  axis  of  the  rhizome.  In  the  fiower- 
producing  shoots  or  inflorescences  of  Phanerogams  the  difi'erent 
ayatemH  of  branching  assume  very  numerous  forms.  These  will  be 
more  fully  described  in  their  proper  place.  To  such  inflorescences 
belong  the  ventrally  coiled  dorsiventral  shoots,  which  produce  new 
shoots  from  their  convex  doi-sal  surfaces,  instead  of  in  their  leaf-axils. 


The  Shoot 

The  Development  of  the  Shoot, — Under  the  term  shoot  a  stem  and 
its  [eaves  are  collt'ctively  included.     A  stem  possesses  an  apical  mode 
of  growtli  (Fig,  17),  and  ita  unprotected  growing  point  is  described 
as  naked,  in  contrast  to  that  of 
T"-  the  root  with  its  sheathing  root- 

'')■'"  cap.    The  apex  of  the  shoot  gener- 

ally  terminates  in  a  conical  pro- 
''    "'  tiiherance,  designated  the  vege- 

(  I  ■■        '  tativt:  conk.      Aa  it  is  always 

,     too  small    to    be   visible    to    the 
unaided   eye,   it  is  best  seen   in 
,       ,  tuagiiitied     median     longitudinal 

sections.  So  long  as  the  ayex  of 
the  shoot  is  still  internally  un- 
ditTerentiated,  it  continues  in  em- 
bryonic condition,  and  it  is  from 
the  still  embryonal  vegetative 
cone  that  the  leaves  take  their 
origin.  They  lirst  appear  in 
acropetal  succession  as  small, 
conical  protuberances,  and  attain 
a  larger  size  tlie  further  removed 
they  ai'e  from  the  apex  of  the 
Bt£ra.  Aa  the  leaves  usually  grow  more  rapidly  than  the  st«ra  which 
produces  them,  they  envelop  the  more  rudimentary  leaves,  and  over- 
arching the  vegetative  cone,  form,  in  this  manner,  a  BUD.  Buda 
are  therefore  merely  undeveloped  shoots.  If  they  are  to  remain 
(or  a  long  time  undeveloped,  as  for  example  is  the  case  with  winter 
buds,  they  are  protected  in  a  special  manner  during  their  period  of 


(After    HKOiLHAlKa, 


The  Origin  of  New  Shoots. — Tlie  formation  of  new  growing  points 

■^y  the  bifurcation  of  older  points  of  growth,  in  a  manner  similar  to  that 

T:already   described   for    Itidyuta    dicAoloma 

I  (Fig.  8),  occiira  also,  In  almost  typical  form, 

r  in    the    lower   thalloid    HejmlifAie    {Hkcia, 

Kjbitttn.*,  Fig.  10).    Among  the  Cormophytea 

\  tliis  method  of  producing  new  ghoots  is  of 

»s     frequent     occurrence,     and    is    then 

uinly  limited  to  the  Pterldophytes,   for   i 

no  division  of  which,  the  Lyeupndiai'eae,  it   I 

I  is  characteristic.     In  this  case,  whenever  a 

|»h'H)l  is  in  process  of  bifurcation,  two  new 

llregetative  cones  are  formed  by  the  division 

Fof  the  growing  point  (Fig.  18).     In  most 

of  the  LytopoiHaceat  the   new  shoots  thus 

formed    develop    unequally ;    the    wealier  , 

becomes  pushed  to  one  side  and  ultimately 

I  appears    as    a    lateral    branch    (Fig.    19). 
Although  a   relationship   as    regards    posi- 
tion   is   generally    apparent   between    the 
origin  of  leaves  and  the  lateral  shoots,  in 
Ihe  system  of  branching  resulting  from  such 
a  bifurcation  of  the  vegetative  cone  this  connection  does  not  exist. 
■In  the  more  highly  developed  Bryophytes,   particularly  in  the  true 
Mosses,  new  shoots   arise   obliquely  below  the 
still  rudimentary  leaves  at  some  distance  from 
the  growing  point.      In  the  Phanerogams  new 
shoots  generally  arise  in  the  axils  of  the  leaves. 
In    the   accompanying   illustration   of  a   longi- 
tudinal section   of  a  phanerogamic   shoot  (Fig. 
17)  the  rudiment  of  a  shoot  (g)  is  just  appear- 
-  ing  in  the  axil  of  the  third  uppermost  leaf ;  in 
I  the  axils  of  the  next  older  leaves   the   conical 
,   protuberances    of    the     embryonic    leaves     are 
luawnr  (hmu,  )>'.  1'';  already  beginning  to  appear  on  the  still  rudi- 
meniaiy  shoot.      These  rudimentary  shoots  may 
either  continue  to  develop,  or  they  may  remain 
r  a  time  in  an  embryonic  condition,  as  buds.      Shoots  thus  pro- 
rdnced  in  the  axils  of  leaves  are  termed  axillary  shoots.     The  leaf 
lla  the  axil  of  which  a  shoot  develops  is  called  its  sUbtknding  leaf. 
^An  axillary  sh<x)t  is  usually  situated  in  a  line  with  the  middle  of  its 
■  Ulbtending  leaf,  although  it  sometimes  becomes  pushed  to  one  side. 
I  Aji  a  rule,  only  one  shoot  develops  in  the  axil  of  a  leaf,  yet  there  are 
Ifattiuicea  where  it  is  followed  by  additional  or  accessory  shoots,  which 
t  MAnd  over  one  another  (serial  buds),  as  in  Lonii-em,  GlfliMmi, 
'  t,  or  side  by  side  (collateral  buds),  as  in  many  Lilmrrnt. 
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Although  in  the  vegetative  regions,  i.r.  the  regions  in  which  merely 
vegetative  organs  are  produced,  ihe  rudiments  of  the  new  shoots  of 
phanerogamic  plants  make  their  uppeamnce  much  later  than  those  of 
the  leSiVes,  in  the  generative  or  Hower-produciiig  regions  the  forma- 
tion of  the  shoots  follows  directly  upon  that  of  their  subtending  leaves, 
or  it  may  even  precede  them.  In  this  last  case  the  Bubt«nding  leaves 
are  usually  either  poorly  developed  or  completely  suppressed,  as  in  the 
inflorescence  of  the  Crucifeme,  in  which  a  series  of  phylogenotic  changes 
has  probably  led  to  this  result. 

Shoots  developing  in  definite  succession  froni  the  grouing  points  of 
other  shoots  are  designated  x*irmal,  in  contrast  to  ahventitious 
SHOOTS,  which  are  produced  irregularly  from  the  older  portions  of  a 
plant:.  Such  adventitious  shoots  show  no  definite  arrangement,  and 
frequently  spring  from  old  stems,  also  from  the  roots  of  herbaceous 
plants  (Brasdcu  olrraiw,  Aiiemoiie  iiileestrk,  CvtivulitUus  arrensit,  Jiwnex 
Acelosella),  or  of  bushes  {Huius,  Hiisa,  Cuiyhs),  or  of  trees  (Popalvt, 
Ulmus,  Rohinia),  or  they  may  develop  even  from  leaves,  particularly 
from  the  fronds  of  Ferns.  An  injury  to  a  phnt  will  frequently  induce 
the  formation  of  adventitious  shoots,  and  for  this  reason  gardcnere 
often  make  use  of  pieces  of  stems,  rhizomes,  or  even  leaves  us 
cuttings  from  which  to  produce  new  plants.  A  leaf  of  a  Begonia 
merely  placed  upon  damp  soil  wUl  soon  give  rise  adventitiously  to 
new  plants. 

Leaves  and  also  normal  siioota,  which  make  their  appearance  as 
outgrowths  from  the  portions  of  the  parent  shoot  still  in  embryonic 
condition,  have  an  external  or  kxiigenou^  origin.  Adventitious  shoots, 
on  the  other  hand,  which  arise  from  the  older  parts  of  stems  or  roots, 
are  almost  always  endogenous.  They  must  penetrate  the  outer 
jiortions  of  their  parent  shoot  before  becoming  visible.  Adventi- 
tious shootii  formed  ou  leaves,  however,  arise,  like  normal  shoots, 
exi^enously. 

The  further  Development  of  the  Shoot. — All  nonnal  shoots 
are  dependent  for  their  origination  upon  the  embryonic  substance 
of  the  growing  point  of  the  parent  shoot ;  even  when  they  make 
their  appearance  at  some  distance  from  the  growing  ajwx  {Fig.  17), 
embryonic  substance  has  Ijeen  reserved  at  that  point  for  their  forma- 
tion, The  growing  points  of  adventitious  shoots  are  also,  for  the  most 
part,  produced  from  tissue  which  has  retained  its  embryonic  condi- 
tion in  the  older  portions  of  the  |>lanL  In  some  cases,  however,  they 
arise  from  newly-developed  growing  points,  and  afford  evidence  of 
the  power  inherent  in  plants  to  return  to  an  embryonic  state  and 
produce  new  growing  points.  The  processes  of  development  which. 
result  in  the  production  of  new  segments  at  the  aiiex  of  a  shoot  are 
followed  hy  an  increase  in  size  and  by  the  further  growth  of  the 
segments.  This  growth  is  usually  introduced  by  the  vigorous  elonggi- 
tion  of  Ihe  segments,  by  means  of  which  their  rapid  unfolding  from 


the  I)iid  U   brought  about.      The  region  of  strongest  growth  in  a 
Bbuot  is  always  at  some  distance  from  its  gron-ing  point 

The  growth  in  length  and  consequent  elongation  of  the  shoot  i§  in 
•ome  eases  so  sliglit  that  the  leaves  remain  close  together,  and  leave 

D  free  8[>aces  on  the  stem,  thus  forming  so  called  DWAjif  shoots.  As 
examples  of  such  dwarf  shoots  may  be  mentioned  the  thickly-clustered 
soedtes  or  fascicled  leaves  of  the  Larch,  the  rosettes  formed  by  the 
fleshy  leaves  of  the  House-leek  (SemffniTitm),  and  also  the  flowers  of 
Phanerogams  with  their  thickly-crowded  floial  leaves.  In  the  ordinary 
or  ELONliATED  SHOOTS,  such  as  are  formed  In  the  spring  by  most 
deciduous  trees,  the  portions  of  the  stem  between  the  inseitions  of  the 
leaves  become  elongated  by  the  stretching  of  the  shoot.  The  stem 
of  a  shoot,  as  contrasted  with  the  leaves,  is  often  spoken  of  as  the 
•xis ;  while  the  portions  of  the  stem  axis  between  the  insertions  of  the 
'Mves  are  termed  the  internodks,  and  the  parts  of  the  axis  from  which 
the  leaves  arise  the  nodks.  When  the  base  of  the  leaves  encircles  the 
■t«m,  or  when  several  leaves  take  their  origin  at  the  same  node,  the 

kIcs  become  strongly  marked  {Lolmlae). 
In  some  cases  the  growth  in  length  of  a  shoot  continues  for  a 
longer  time  at  certain  intermediate  points  by  means  of  inteRCAlaRY 

WoWTH.  Such  points  of  intercalary  growth  are  generally  situated  at 
khe  base  of  the  iutemoiles,  as  in  the  case  of  the  Grasses.     A  diaplace- 

lent  from  the  position  originally  occupied  by  the  members  of  a  shoot 

wjueutly  results  from  intercalary  growth.      A   bud  may  thns,   for 

tsuple,  become  pushed  out  of  the  axil  of  its  subtending  leaf,  and 

)  apparently  have  its  origin  much  higher  on 

le  stem ;  or  a  subtending  leaf,  in  the  course  of  V*    i^C 

B  growth,  may  carry  its  axillary  bud  along 
■irith  it,  80  that  the  shoot  which  afterwards 
dovelops  seems  to  spring  directly  from  its  sub- 
tending leaf;  or,  finally,  the  subtending  leaf 
Oay  become  attAched  to  its  axillary  shoot,  and 
.•rowing  out  witii  it,  may  thus  appear  to  spring 
from  it  (Fig.  21)). 

Sestlnff  Buds. — As  a  means  of  protection, 

may    become    invested,    in    winter,    with         -^ 

Side  ■  like    leaves    or   Bl'D  -  SCALES,    wliich    are 

•ndered  still  more  effective  as  protective  struc- 

Ores  by  hairy   outgrowths    and   excretions    of 

nin  and  gum,  and  also  by  the  occun'ence  uf 

w-Hpaoea.      Not   infrequently   the   subtending    "^cii "jiii'iuiy'  KhocT"!,!) 

Mf  takes  ijari  in  the  protection  of  its  axillarj'     imhiib    in   ■niiwu.iiiig 
iod,   and  the  base  of  the  leaf-stalk,   after  the      ^"'^,1^ '""J^T"!""',"* '" 
Itif  itself  has  fallen,  remains  on  the  shoot  and 
KarmB  a  cajvlike  covering  for  the  winter  tiud.     The  buds  of  tropical 
plotits,  which  have  ti>  withstand  a  dry  [)eriod,  are  similarly  protected  ; 


^ 
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but  where  the  rainfall  is   evenly  distributed  throughout  the   year 
buds  develop  no  such  means  of  protection. 

Many  of  the  dccitluous  trees  in  Temperate  regions  are  inclined  to  unfold  tlieir 
wiatui' buda  ia  the  same  vegetative  period  in  which  tbey  are  produced.  This 
tendency  ia  [arlicularly  marked  in  the  Oak,  and  results  in  the  development  of  a 

All  the  buds  of  a  jilant  do  not  develop  ;  there  are  uumerous  deciduouB  trees — 
such  as  the  Willow,  in  which  the  terminal  buds  of  tbe  year's  growth  regularly  die. 
Sometimes  buds,  usually  the  lirst-formed  buds  of  each  year's  shoot,,  seem  able  In 
remain  dormant  during  many  years  without  losing  their  vitality  ;  these  are  termed 
DOllMA^T  Bills.  In  the  case  of  the  Oak  or  Beech  such  latent  budi  can  endure 
for  hundreds  of  years  ;  in  the  meantime,  by  the  elongation  of  their  eonnettion  with 
the  stem,  they  continue  on  its  surface.  Often  it  is  these,  rather  than  ad\  entitiou>i 
buds,  which  give  rise  to  the  new  growths  formed  on  older  parts  of  stems  It  may 
sometimes  happen  that  tiie  latent  buds  lose  their  connection  with  the  noody  parti 
of  their  ]«rent  stem,  but  nevertheless  grow  in  thickness,  and  develop  their  own 
wood  ;  they  theti  form  remarkable  spherical  growths  within  the  hark,  which  may 
attain  the  size  of  a  lien's  egg  and  can  be  easily  sejiarated  fl-om  the  surrounding 
bark.     Such  globular  shoots  are  frequently  found  in  Beech  and  Olive  trees. 

The  ■etamorphosls  of  the  Shoot. — The  bvlbils  and  gesisi^ 
which  become  separated  from  their  parent  plant  and  serve  as  a  means 
of  reproduction,  are  special  forma  of  modified  buds.  They  are  always 
well  supplied  with  nutritive  substances,  and  are  of  a  corresponding 
size.  Many  plants  owe  their  specific  name  to  tlie  fact  that  they  proiluce 
such  bulbils,  as,  for  example,  Lilivm  IniUd/ei-um  and  Bentaria  Mbifera. 

Shoots  that  live  undei^;round  undergo  characteristic  modifications, 
and  are  then  termed  root-stocks  or  rhizomks.  By  means  of  such  sub- 
terranean shoots  many  perennial  plants  are  enabled  to  persist  through 
the  winter.  A  rhizome  develops  only  modified  leaves  in  the  form  of 
latter  or  smaller,  sometimes  scarcelj-  visible,  scales.  By  the  presence 
of  such  scale  leaves  and  by 
i  (■  "  its  naked  vegetative  cone, 

as  well  as  by  its  internal 
structure,  a  rhizome  may 
be  distinguished  from  a 
root.  Rhizomes  usually 
produce  numerous  roots ; 
t  when  this  is  not  the 
case,  the  rhizome  itself 
functions  as  a  root.  Rbi- 
j  zomes  often  attain  a  con- 
L  siderable  thickness  and 
'  store  up  nutritive  material 
for  the  formation  of  aerial 
shoots.  In  the  accompanying  illustration  (Fig.  21)  is  shown 
the  root-stock  of  the  so-called  Solomon's  Seal  (Pi/li/gonciiim  miilti- 
fiimim).     At  (I  and  c  are  seen  the  scars  of  tlie  aerial  shoots  of  the 
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two  preceding  years ;  and  at  h  may  be  seen  the  base  of  the  stem 
growing  at  the  time  the  rhizome  was  taken  from  the  ground,  while  at 
('  is  shown  the  bud  of  the  next  year's  aerial  growth.  The  rhizome  of 
Coralliorrhiza  innala,  a  saprophytic  Orchid,  affords  a  good  example  of  a 
root-stock  functioning  as  a  root  (Fig.  22).  BuiBS,  also,  belong  to  the 
class  of  metamorphosed  shoots.  They  represent  a  Bbort«ned  sboot 
with  a  flattened,  discoid  stem  (Fig.  33,  zk),  the  fleshy  thickened  scale 


leaves  (;s)  of  which  are  filled  with  reserve  food  material.  The  aerial 
growth  of  a  bulb  develops  from  its  axis,  while  new  bulbs  are  formed 
from  buds  (k)  in  the  axils  of  the  scale  leaves.  Another  form  of 
underground  shoot,  allied  to  bulbs  and  connected  \vith  them  by 
transitional  forms,  is  distinguished  as  a  TOUEK.  The  axis  of  a  typical 
tuber,  in  contrast  to  that  of  a  bulb,  is  fleshy  and  swollen,  functioning 
as  a  reservoir  of  reserve  material,  while  the  leaves  are  thin  and  scaly. 
Of  such  tubers  those  of  the  Meadow  Saffron  {Cokhicum  aiilumnale)  or 
of  C'lvcm  miifus  are  good  examples.  In  the  Meadow  Saffron  new 
tubers  arise  from  axillary  buds  near  the  base  of  the  modified  shout, 
but  in  the  Crocus  from  buds  near  tlie  apex.  In  consequence  of  this,  in 
the  one  case  the  new  tubers  appear  to  grow  out  of  the  side,  and  in  the 
other  to  spring  from  the  top  of  the  old  tubers.  The  tubers  of  the  Potato 


{Fig.  24)  or  of  ihu  Jeruaalem  Artichoke  (Helianthm  (iitcro.wc)  are  also 
eublerranean  shoots  with  awolien  axes  and  reduced  leaves.  They 
are  fonned  from  the  ends  of  branched,  underground  shoots  or  runners 
(stolons)  and  thus  develop  at  a  little  distance  from  the  parent  plant. 
The  so-called  eyes  on  the  outside  of  a  potato,  from  which  the  next 
year's  growth  arises,  are  in  reality  axillary  buds,  but  the  scales  which 
represent  their  subtending  leaves  can  only  be  distinguished  on  very 
young  tubers.  The  parent  plant  dies  after  the  foraiation  of  the  tubers, 
and  the  reserve  food  stored  in  the  tubers  nourishes  the  youug  p]ant« 
wliich  afterwards  develop  from  the  eyes.      As,  in  their  uncultivated 


state,  the  tubers  of  the  Potato  plant  remain  in  the  ground  and  give 
rise  to  a  large  number  of  new  plants,  it  is  of  great  advantage  to  the 
new  generation  that  the  tubers  are  produced  at  the  ends  of  runners, 
and  are  thus  sepiwated  from  one  another.  Similar  advantages  accrue 
from  surface  runners,  such  as  are  produced  on  Strawberry  plants. 
Surface  mnners  also  bear  scale-like  leaves  with  axillary  buds,  while 
roots  are  developed  from  the  nodes.  The  new  platitlets,  which  arise 
from  the  axillary  buds,  ultimately  form  independent  plants  by  the 
death  of  the  interv-ening  portions  of  the  ninners. 

Still  more  marked  is  the  modification  experienced  by  shoot*  which 
only  develop  reduced  leaves,  but  the  axes  of  which  become  flat  and 
leaf-like,  and  assume  the  functions  of  leaves.  Such  leaf-like  siioots  are 
called  CLADODE-s  or  l'in'Li.0CLADE.S.    Instructive  examples  of  such  forma- 


tioDB  nre  furnished  by  Ititseus  aculeabis  (Fig.  25),  a  small  shrub  whose 
s-lexas  bear  in  the  axils  of  tbeir  scalc-Hke  leaves  {/)  broad,  sharp-pointed 
cladodes  (<■/),  wbich  have  altogether  the  apjjearaTu^  of  leaves.  The 
flnwirrs  arise  from  tile  upper  surface  of  these  cladodcs,  in  the  axils  of 
«cale  leaves.  In  tike  manner  the  shcms  of  the  Opuntias  {Fig.  3G)  are 
considerably  I1uttene<l,  while  the  leaves  are  reduced  to  small  thorny 
protuberances.  In  tliis  case  the  juicy  fiat  shoots  perform  uot  only  the 
functions  of  assiniilatory  organs,  but  also  serve  as  water-reservoirs  in 
time  of  drought.  It  is  possible  that  all  the  leaves  of  a  plant  may 
1>ecome  more  or  less  completely  reduced,  without  any  marked  change 
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occurring  in  the  appearance  of  the  steins,  except  that  they  then  take 
on  a  greeii  colour ;  this,  for  example,  is  the  case  in  the  Scotch  Broom 
{Sparimm  Mip-mum),  wbich  develops  only  a  few  (]Liickly -falling  leaves 
at  the  eii<I  of  its  long,  naked  twigs ;  or,  as  in  many  species  of  rushes 
{Jvncm,  Srirjiiii),  whose  erect,  slendei',  wand-like  stems  are  entirely 
leatless  and  nt  the  same  time  unbranched.  As  a  rule,  however,  all 
liAttesa  green  Phanerogams  will  be  found  to  have  swollen  stems,  as  in 
ihe  variously  shaped  Eiphorbiiui  and  diclk 

A  great  reduction  in  the  leaves,  and  also  in   the  stems,  often 

occuTB  in  phanerogamic  parasites,  in  consequence  of  their  parasitic 

mode  of  life.     The  leaves  of  the  I>o<ldor  {CaitaiUi,  Fig.    185,  h)  are 

'inly   represented    by  very    small,  yellowish   scales,    and    the  stem  is 

milArly  yellow  instead  of  green.      The  green  colour  would,  in  fac^ 


be  suiicrHuous,  aa  the  Dodder  does  not  produce  iu  own  nourishment,  but 

derives  it  from  its  boat  plant.  C'-iisnUit  I'ri/olii,  one  of  the  moat  fre- 
quent of  these  parasites,  U  often  the  cause  of 
the  large  yellow  areas  frequently  obst-rvable 
in  the  midst  of  clover  fields.  In  cei'taiu  tropi- 
cal parasites  belonging  to  the  families  HaJHesi- 
ii'vm  and  Bahnnplioraceiie,  the  process  of  re- 
duction has  advanced  so  far  that  the  flowers 
alotie  are  left  to  represent  the  whole  plant. 
H'lfflma  ArnoliU,  a  plant  growing  in  Sumatra, 
is  a  remarkable  example  of  this  ;  its  flowers, 
jdthough  they  are  a  metre  wide,  the  largest 
flowers  in  existence,  spring  directly  from  the 
roots  of  another  plant  (species  of  Cianis). 

A  peculiar  form  of  metamorphosis  is  ex- 
hibited by  some  climbing  plants  through  the 
transformation  of  certain  of  their  shoots 
into  TFNDRILS.  Such  tendrils  assist  the 
parent  plant  in  climbing,  either  by  twining 
about  a  support  or  otherwise  holding  fast  to 
it.  The  twining  bifurcated  tendrils  of  the 
Grape-vine,  for  example,  are  modified  shoots, 
and  HO  are  also  the  more  profusely  branched, 
hold -fast  tendrils  of  Amj/el(r}isis  Veitekii 
■  (Fig.  '-'). 

Shoots  may  undergo  a   still   greater  re- 
*"^'  dnetion  by  their  modification  into  thorks, 

as  a  defence  against  the  depredations  of  animals.     Of  shoots  modi- 
fied in  this  manner,  the  Black  Thorn  {Pmniis 

spinosa),  the  White  Thorn  (Cro/oc^is),  and  the 

Honey   Locust  {GlfUturhui)   afford    instnicti\e 

examples.    The  thorns  are  simple  or  branched, 

hard,  pointed  liodies.     In  Gleditadm  (Fig.  2S) 

the  thorns  are  developed  primarily  from  the 

uppermost    of    several     serial     buds ;     while 

secondary  thorns  may  develop  on  older  por- 
tions of  the  stem   from   the   lower   buds   of 

the  series,  and   thus  give  rise  to  clusters  of 

thorns. 

The  most  marked  change  in  the  form  of 

the  shoot,  in  addition  to  the  displacement  and 

union  of  its  different  members,  takes  place  in 

phanerogamic  flowers.    The  shoots  from  which 

flowers    are    developed     are    termed     floral      '^>"  "T"w.ww..     u  ml. 

SHOOTS,   in    contrast   to  the   foliage  SHtioTs,      '"*■' 

the  functions  of  which  are  merely  vegetative.     The  axis  of  the  florrf 
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shoot  remains  short  and  becomes  flattened  or  even  depressed  at  the 
tip.  The  vegetative  cone  of  the  rudimentary  flower-bud  also  undergoes 
corresponding  modifications.  The  floral  leaves,  which  spring  from 
the  floral  axis,  often  grow  together,  and  in  many  cases  become  so  united 
with  the  axis,  that  it  is  only  possible  to  discover  the  different  steps 
of  this  process  by  means  of  thorough  phylogenetic  and  comparative 
morphological  investigation.  In  most  instances  the  rule  seems  to  hold 
that  axillary  buds  are  not  formed  within  a  flower  except  in  cases  of 
abnormal  development. 

Shoots  and  their  Order  of  Sequence. — If  the  vegetative  cone  of 
the  primary  axis  of  a  plant,  after  reaching  maturity,  is  capable  of 
reproduction,  a  plant  with  but  one  axis  will  result,  and  the  plant  is 
designated  uniaxial  or  haplocaulescent.  Usually,  however,  it  is  not 
until  a  plant  has  acquired  axes  of  the  second  or  third  order,  when  it  is 
said  to  be  diplocaulescent  or  triplocaulescent,  or  of  the  nth  order, 
that  the  capacity  for  reproduction  is  attained.  A  good  illustration  of 
a  plant  with  a  single  axis  is  afforded  by  the  Poppy,  in  which  the  first 
shoot  produced  from  the  embryo  terminates  in  a  flower,  that  is,  in 
that  organ  of  Phanerogams  which  gives  rise  to  the  embryonic  germs. 
As  an  example  of  a  plant  with  a  triple  axis  may  be  cited  the  common 
Plantain,  Plantago  majors  whose  primary  axis  produces  only  foliage  and 
scale  leaves ;  while  the  secondary  axes  give  rise  solely  to  bracteal 
leaves,  from  the  axils  of  which  finally  spring  the  axes  of  the  third  order, 
which  terminate  in  the  flowers.  In  the  case  of  trees,  only  shoots  of 
the  nth  order  can  produce  flowers. 

The  Habit  or  General  Aspect  of  Plants  is  de{)endent  upon  their 
origin,  mode  of  growth,  and  duration,  and  upon  the  peculiar  develop- 
ment of  their  branch  systems.  Cormophytes  which  develop  herbace- 
ous aerial  shoots,  and  persist  only  so  long  as  is  requisite  for  the 
development  and  ripening  of  their  fruit,  be  it  one  or  several  vegetative 
periods,  are  called  herbs.  Herbaceous  plants,  however,  which, 
although  annually  dying  down  to  the  ground,  renew  their  existence 
each  year  by  means  of  new  shoots  produced  from  underground  shoots, 
rhizomes,  or  roots,  are  further  distinguished  as  perennials  or  perennial 
herbs.  Shrubs  or  trees,  on  the  other  hand,  have  woody,  persistent 
shoots,  which  bear  fruit  repeatedly.  Shrubs  retain  their  lateral  shoots, 
80  that  their  branches  are  formed  near  the  ground ;  trees,  on  the 
contrary,  soon  lose  their  lower  lateral  branches,  and  have  a  main  stem 
or  trunk,  which  bears  a  crown  of  branches  and  twigs. 

lu  catalogues  and  descriptions  of  plants  the  duration  of  tlie  period  of  growth 
is  usually  expressed  by  special  symbols  :  thus  ^^  indicates  an  annual  ;  G  a  biennial, 
and  X  a  i>erennial  herb  ;  ^  is  employed  to  desii^nate  both  trees  and  shrubs,  and 
for  trees  the  signi)  is  also  in  use. 


The  Stem  or  Axis  of  the  Shoot 

According  as  the  axis  of  a  alioot  remains  herbiiccous  or  l>ecumea 
hard  and  lignilied,  a  distinction  is  drawn  lietwecn  an  herbaceoiiB 
and  a  woody  stem.  A  long  leafless  shoot  arising  from  a  rosette  of 
radical  leaves  and  producing  only  flowers  is  called  a  bcape.  The 
hollow  jointed  stems  of  the  Gnimineiic  are  termed  GRASS-HAUUIS, 
and  should  he  distinguished  from  the  simitar  stems  or  haulms  of  the 
Jiinau-rai:  and  Ci/penirfae,  which  are  unjointed  and  filled  with  light 
porous  pith.  Plants  with  short  swollen  stems,  hoing  apparently  stem- 
leas,  are  described  as  acait-escent.  The  actual  stem  of  such  acaiil- 
escent  plants  may  be  thickly  clothed  with  leaves  throughout  its  entire 
length,  as  in  the  case  of  the  Agavf-,  or  it  may  bear  leaves  only  at  its 
apex,  as  in  the  V'jdameii.  Stems  are  also  distinguished  as  round, 
elliptical,  lingular,  etc.,  according  to  their  appearance  in  cross-section. 


The  Leaf 

Development  of  the  Leaf. — The  first  appearance  of  the  leaf  as  a 

lateral  protuberanco  (Fig.  17,/)  on  the  vegetative  cone  of  the  shoot 
has  already  been  referred  to  (p.  IS).  In  a  transverse  section 
through  the  apex  of  a  shoot  (Fig.  29),  the  origin  of  leaves  as  lateral 
protuberances  is  more  evident  than  in  a  longi- 
tudinal section.  The  embryonic  leaf  nidiment 
generally  occupies  but  a  small  portion  of  the 
jieriphery  of  the  vegetative  cone ;  it  ma}",  how- 
ever, completely  invest  it.  lu  like  manner, 
when  the  mature  leaves  are  arranged  in  whorls, 
the  developing  protuberances  of  the  rudimentary 
leaves  may,  although  this  is  not  usually  the  case, 
form  at  first  a  continuous  wall-like  ring  around 
the  growing  point ;  and  only  give  rise  later  to 
the  separate  leaf  rudiments.  Leaves  take  their 
origin  only  from  such  parts  of  a  plant  as  have 
remained  iii  an  embryonic  condition.      To  this 

nn.  m.— Apipai  view  or  luu         ,      ,,  "       ,.  ±      t      t 

rearimiivBconnafssh.mi  '""'^  there  flve  no  exccptions.  A  leaf  never 
gf  Em%tm.<m  jnjiuui<«.  arisos  dlroctly  from  the  older  parts  of  a  plant. 
'"  "*'  In  cases  where  it  apparently  does  so  its  develop- 

ment has  been  preceded  by  the  formation  of  a  growing  point  of  a  new- 
shoot  Wlien  it  first  appears  on  the  vegetative  cone  a  rudimentary 
leaf  resembles  an  embryonic  shoot,  but  a  difi"erence  soon  manifesto 
itself,  and  the  shoot  rudiment  develops  a  vegetative  cone  and  latent! 
protuberances  for  the  formation  of  leaves.  The  growing  point  of 
a  shoot  has  usually  an  rxLlMlTBD  growth,  while  thf  growth  of  a 
leaf  is  LIMITED.      A  leaf  usually  continues  to  grow  at  its  apex  for  a 


■tiort  time  only,  and  then  completes  its  segmentation  and  develoji- 
nent  by  intercalary  growth.  It  is  true  that  some  leaves,  as  those  of 
Fcrus,  not  only  continue  groifiug  for  a  long  time,  but  also  retain 
a  continuous  apical  growth  and  complete  their  whole  segmentation  in 
acropetal  succession.  On  the  other  hand,  the  leaf-Hke  clailodes, 
idthough  they  are  in  reality  metamorphosed  shouts,  exhibit  a  limited 
apical  growth  like  that  of  ordinary  leaves. 

LeattQg  out  of  consideration  the  Ferns  and  a  few  related  plants,  the 
following  observations  in  regard  to  the  development  of  the  leaf  hold 
good  for  the  majority  of  C'ormopliytes.  The  unsegmented  protuber- 
ance of  the  still  rudimentary  leaf,  termed  b}'  EicHLKit  the  PKIMOKDIAL 
LK\F  (Fig.  30,  J,  l>),  first 
projects  from  the  vegetative 
f»ne  of  the  shoot  (J,  r). 
This  is  usually  followed  by 
a  separation  of  tlie  primor- 
dial leaf  into  the  llaf- 
BASE  (f/  in  ^f  and  Ji)  and 
the  rudimentary  lamina  or 
UPPER  LEAF  [0  in  J  and  B). 
The  leaf-base,  or  the  part  of 
the  rudimentary  leaf  which  ' 
immediately  adjoins  the 
vegetative  cone,  either  takes 

no  further  part  in  the  sue-  ]^l''l!lTJi'^.  t^M^' u 'Z''''''''''' "'' "'''" 
ceediligdifTerentiation  of  the 

leaf,  or  it  develops  into  a  leaf-sheath  (vagina)  or  into  stipules. 
The  upper  leaf,  on  the  other  hand,  gives  rise  to  the  leaf-blade  or 
LAUiNA.  If  the  fully-developed  leaf  jiossesses  a  leaf-stalk  (petiole), 
it  becomeii  afterwards  interposed  by  intercalary  growtii  between  the 
npper  leaf  and  the  leaf-base. 

The  metamorphosis  of  the  leaf  is  exhibited  in  its  greatest  diversity 
by  the  leaves  of  Phanorogama,  in  which  the  various  homologous  leaf 
structures  have  been  distinguished  aa  SCALE  Leavbs,  foliage  LEAVfW, 

BRACTKAL  LEAVKS.  and  FLORAL  LEAVES. 

Foliaffe  Leaves,  generally  referred  to  simply  as  leaves,  are  the 
leaf  structures  on  which  devolves  the  task  of  providing  nourishment 
for  their  parent  plants.  As  the  exercise  of  this  function  is  dependent 
Upon  the  presence  of  a  green  pigment,  foliage  leaves  have,  accordingly, 
a  green  colour.  In  certain  cases,  where  their  form  is  extremely  simple, 
as  in  the  neeiiles  of  Conifers,  the  primordial  leaf  simply  increases  in 
ImgUi  without  any  further  ditTerentiation  into  [(arts.  In  other  un- 
divided leaves,  however,  wliether  lanceolate,  elliptical,  ovate,  or  other- 
wite  shaped,  the  Hat  leaf  lamina  is  distinct  from  the  leaf-base,  while  a 
leaf-elalk  may  also  be  iuteqiolated  between  them.  If  no  leaf-stalk  is  de- 
veloped the  leaf  is  said  to  be  seshile,  otherwiseit  is  described  as  sTALKEa 


HI.— Apri  uf  ail  Elm  aJiout,  Ulvu-  on 
owiiid  1)i«  vcgflUtlvn  BDDii  r,  wltli  t 
k  young  Inr,  h,  atllJ  utiHgiuentsd,  it 
\er  leaf,  nxhlbltliiit  BtgoiinildUiia  liiU: 


The  sessile  leaves  usually  clasp  the  etem  by  a  broad  base.  Where,  as  in 
the  case  of  the  Poppy  (Papiwer  mmni/aiim)  and  of  the  different  s|>ectea 
of  BupleamrHy  the  leaf-base  surrounds  or  clasps  the  stem,  the  leaves  are 
described  as  pkrriLIATe.  If  the  bases  of  two  opposite  leaves  have 
grown  together,  as  in  the  Honeysuckle  {Ijinicera  C'lprifiilium),  they  are 
Boid  to  be  connate.  Where  the  blade  of  the  leaf  continues  downwards 
along  the  stem,  as  in  the  winged  stems  of  the  common  Mullein  {t'er- 
bascam  lltapsifurnie),  the  leaves  are  diatiuguished  aa  dkcurukst.  The 
petiole  of  a  leaf  merges  either  directly  into  the  leaf-base,  or  it  awells  at 
its  lower  end  into  a  LEAF-CUSHION  or  PULVINUS,  and  is  thus  articulated 
with  the  leaf-base.  This  is  the  case,  for  instance,  with  many  of  the 
Le.ijiimiiios'ic  (Fig.  213).  The  leaf-blade,  in  turn,  may  l>e  eitlier  sharply 
marked  off  from  the  petiole,  or  it  may  be  prolonged  so  that  the  petiole 
appears  winged,  or  again  it  may  expand  at  its  junction  with  the  petiole 
into  ear-like  lobes.  A  leaf  is  said  to  be  ENTIHK  if  the  margin  of  the  leaf- 
blade  is  wholly  free  from  indentations;  otherwise,  if  only  slightly 
indented,  it  is  usually  described  as  skrrate,  uentatk,  crknate,  UN- 
DULATE, SINUATE,  or  INCISED,  OS  the  case  may  be.  When  the  inci- 
sions are  deeper,  but  do  not  extend  more  than  half-way  to  the 
middle  of  the  leaf-blade,  a  leaf  is  distinguished  as  Li.iBED  or  CLKFT 
according  to  the  character  of  the  incisions,  whether  more  or  less 
rounded  or  sharp;  if  the  incisions  are  still  deeper  the  leaf  is  said 
to  be  I'AKTITE,  and  if  they  penetrate  to  the  midrib  or  base  of  the 
leaf-blade  it  is  termed  DIVIDED.  The  divisions  of  the  leaf-blade 
are  said  to  be  pinnate  or  palmate,  according  as  the  incisions  run 
towaixls  the  midrib  or  towards  the  base  of  the  leaf-blade.  Where  the 
divisions  of  the  leaf-blade  are  distinct  and  have  a  separate  insertion  on 
the  common  leaf-stalk  or  on  the  midrib,  then  t«rraed  the  spindle  or 
RHACHIS,  u  leaf  is  spoken  of  as  compound;  in  all  other  cases  it  is  said  to 
be  SIMPLE.  The  single,  separate  divisions  of  a  compound  leaf  are  called 
leaflets.  These  leaQets,  in  turn,  may  be  entire,  or  may  be  divided  and 
undergo  the  same  segmentation  as  single  leaves.  In  this  way  double 
and  triple  compound  leaves  may  be  formed.  The  leadets  are  either 
sessile  or  stalked  ;  and  sometimes  also,  as  in  HiMnia  and  itiinoM,  their 
Btalklets  articulate  with  the  spindle  by  means  of  swollen  pulvini.  The 
term  I'EDATK  is  applied  to  leaves  on  which  segments  are  further 
divided  on  one  side  only,  and  the  new  segments  are  similarly 
divided,  Variations  in  the  outline  of  leaves,  whether  they  are 
entire,  serrate,  dentate,  crenate,  incised,  etc.,  as  well  as  peculiarities 
in  their  shape  and  segmentation,  are  of  use  in  the  determination 
of  plants.  The  \'enation  or  nervatuke  of  leaves  is  also  taken 
into  consideration,  and  leaves  are  in  this  respect  described  according 
CO  the  direction  of  their  so-called  veins  or  nerves,  as  paraLLKL 
VEINED  or  NETTED  VEINED.  In  parallel  venation  the  veins  or  nerves 
run  either  approximately  parallel  with  each  other  or  in  curves,  con- 
verging at  the  base  and  apex  of  the  leaf  (Fig.  31,  s);  in  netted  veined 
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leaves  (Fig.  178)  the  veins  branch  off  from  one  another,  and  gradually 
decrease  in  size  until  tliey  form  a  line  anastomosing  network.    In  leaves 
with    parallel    venation    the    parallel    main 
nerves  are  usually  united  by  weaker  cross  ^-._ 

veins.     Netted  or  reticulately  veined  leaves  .  -^ 

in  which  the  side  veins  run  from  the  median  ''■'  -     ■  - '-^ 

main    nerve    or    midrib   are  further   distin-      h  '"'j-y 

guished  as  PINnately  veined,  or  as  PAL- 
UATELY  vxiMED  when  Several  equally  strong 
ribs  separate  at  the  base  of  the  leaf-blade, 
and  give  rise  in  turn  to  a  network  of  weaker 
veins.  Parallel  venation  is  characteristic,  in 
general,  of  the  Monocotyledons ;  reticulate  <  ■ 
venation,  of  Dicotyledons.  Monocotyledons  ( 
have  usually  simple  leaves,  while  the  leaves 
of  Dicotyledons  are  often  compound,  and  are 
also  more  frequently  provided  with  stalks. 
Many  plants  are  characterised  by  the  de- 
velopment of  different  forms  of  foliage  leaves. 
Such  a  condition  is  known  as  heterophylly. 
Thus  the  earlier  leaves  of  Eucatt/ptus  globulus 
are  sessile  and  oval,  while  those  subsequently 
formed  are  stalked  and  sickle-shaped.  In 
other  cases  the  heterophyllous  character  of 
the  leaves  may  represent  an  adaptation  to  the 
surrounding  environment,  as  in  the  Water 
Crowfoot  {RaituHi-ulus  a'tvatilU),  in  which  the 
floating  leaves  are  lobed,  while  those  entirely  F.o.si.-PBitof  »t«iii«nd  i«fu 
submerged  are  finely  divided.  "h^T- 1  «w."^nL"f  tb'e  !*»'■ 

T\w  uervBB  or  veins  give  to  a  leaf  its  UBoessary        onMf.blJr;  [,*l'i'giik.'  '(S«t. 
ninlianiual  rigirlity  and  iiinder  possible  its  tiatt«nEil        n\ix.) 
fumi.   Tlie  branches  of  the  veins  [larall  el  tothemargiu 

of  nioHt  leavflH  {irevent  tlieir  tearing :  when  there  are  uo  such  marginal  nerves  in 
Ixrge  thiD  leaves,  the  Umina  is  eaaily  torn  into  »tri|>3  liy  tlie  wind  anil  rain.  Thin 
Treqiiently  liBi>i>en*  to  the  leaves  of  tlie  Banana  {Mana),  which,  consequently,  wlien 
graving  unifcr  natural  conditions  in  the  ojien  air,  presents  quite  a  dilTerent  ap|)ear- 
ancs  than  when  grown  uuder  glass.  The  leaves  of  the  Banana,  after  becoming 
thus  divided,  oiTer  leiui  resistance  to  the  wind.  In  a  similar  manner  tlie  leaves  of 
I'alnis,  although  undivided  in  their  bud  state,  become  torn  even  during  the  ("rocess 
of  their  unfolding.  A  similar  protection  iVom  iiijury  is  alTorded  to  the  Aroid  (Afun- 
tUni)  liy  the  holes  with  vhich  its  large  Icaf-blodcs  become  jierforated.  Equally 
ailvantageons  results  are  secured  by  many  ]>lants  whose  leaves  are,  from  tbeir  very 
iiiorptioD,  divided  or  dtnsevted.  Tlie  submergeil  leaves  of  aquatic  plants,  on  the 
olhvr  hanil,  are  generally  finely  divided  or  dissected,  not  only  for  mechanical 
I>iir|xw«H,  but  also  to  alfonl  a  more  complete  exposure  of  the  leaf  surface  to  the 
water.  Accordingly,  in  such  vater-plantK  as  Eniiuncttliis  aqunlilis  {Fig.  197), 
wliii:h  jiowH-ss  both  floating  and  submerged  leaves,  it  is  generally  the  latter  only 


that  are  diasected  itnd  filir»nii  in  cl^aracter.  Tlie  pointed  extremity  of  the  foliage 
leaves  of  luauy  laud  pkuts,  wcordiug  to  Stabl,  facilitates  the  removal  of  trater 
trum  tlie  leaf  surfaoe.  Fleshy  so-called  succulent  leaves,  like  flvahy  stemi,  serra 
■a  reservoirH  for  Btorii)g  watvr. 

Id  Monocotyledons  the  leaf-base  very  often  forms  a  shkath  about 
the  stem ;  in  Dicotyledons  this  happens  much  less  frequently.  In  the 
case  of  the  G-ramiiieae,  the  sheath  ia  opeu  on  tlio  side  of  the  stem 
opposite  the  leaf-blade  (Fig.  31,  v),  while  in  the  Ci/perwene  it  lb  com- 
pletely grown  together.  The  sheath  of  tiie  grasses  is  prolonged  at  the 
base  of  the  lamina  into  a  scaly  outgrowth,  the  ligule.  Such  a  sheath,  ' 
while  ])rotecting  the  lower  jiart  of  the  internodes  which  remain  soft 
and  in  a  stat«  of  growth,  gives  them  at  the  same  time  rigidity. 

Stipules. — These  are  lateral  appendages  sometimes  found  at  the 
base  of  leaves.  When  present  they  may  he  either  small  and  incon- 
spicuous, or  may  attain  a  considerable  size.  Wheu  their  function  is 
merely  to  protect  the  young  growth  in  the  bud,  they  are  usually  of  a 
brown  or  yellow  colour,  and  are  not  persistent ;  whereas,  if  destined  to 
become  assimilatory  organs,  and  to  assist  in  providing  nourishment, 
they  are  green,  and  may  assume  the  structure  and  form  of  the  leaf-blade, 
which  sometimes  becomes  modified  and  adapted  to  other  purposes 
(Figs.  35,  36).  Normally,  tlie  stipules  are  two  in  number,  that  is,  one 
on  each  side  of  the  petiole.  In  many  species  of  Giiliuni,  where  the 
stipules  resemble  leaf-blades,  the  leaf-whorls  appear  to  be  composed  of 
six  members,  but  consist  actually  of  but  two  leaves  with  their  four 
stipules,  which  may  be  easily  distinguished  by  the  absence  of  any  buds 
in  their  axils.  In  other  species  of  the  same  genus  (Gitliuui  crudo/um 
and  paluslre)  there  are  only  four  members  in  the  whorls,  as  each  two 
adjoining  stipules  become  united.  In  many  cases  the  stipules  have  thft 
form  of  appendages  to  the  enlarged  leaf-base.  Sometimes  both 
stipules  are  united  into  a  single  one,  which  then  appears  to  have  an 
axillary  origin  ;  or  the  stipules  may  completely  encircle  the  stem,  and 
thus  form  a  sheath  about  the  younger  undeveloped  leaves.  This 
sheath-like  fusion  of  the  stipules  may  l>e  easily  observed  on  the  Jiidia- 
rubber  tree  (Fkus  elaslka),  now  so  commonly  grown  as  a  decorative 
plant.  In  this  case  the  stipular  sheath  is  burst  by  the  unfolding  of 
each  new  leaf  and  pushed  upwards  on  tiie  stem.  In  the  Pdiigmtaeeaa 
the  sti|)ular  covering  is  similarly  torn  apart  by  the  developing  leaves, 
but  then  remains  on  the  stem  in  the  form  of  a  membranous  sheath 
(ochrea). 

Scale  Leaves  possess  a  simpler  structure  than  foliage  leaves, 
and  are  attached  directly  to  the  stem,  without  a  leaf-stalk.  They 
exercise  no  assimilatory  functions,  and  are  more  especially  of  service 
as  organs  of  protection.  Scale  leaves  exercise  their  most  important 
function  as  bud-scales ;  they  are  then  hard  and  thick,  and  usually 
of  a  brown  colour.  They  most  frequently  take  their  origin  from 
the  enlarged  leaf-baae  ;    in  that  case  the  upper  leaf  either  does  not 


■  derelop,  or  exists  only  in  a  reilueed  condition  at  the  apex  of  the 
scale.  The  true  morphological  value  n(  scale  leaves  of  this  nature 
ie  very  evident  in  the  bud  scales  of  the  winter  buds  of  the  Horse- 
chestnul  (AfsciUus  HifiiHKiisliiHiun) ;  for,  while  tlie  outer  scales  show 

I  perceptible  indications  of  an  upper  leaf,  small  leaf-blades  can  be 
I  distiDctty  dislinguislied  at  the  apices  of  the  inner  scales.  In  other 
s  the  scale  leaves  are  modified  stipules,  and  are  then  also  derived 
[  -from  the  leaf-base ;  while,  in  other  instances,  they  themselves  form 
enlarged,  but  still  undiU'erentiated,  primordial  leaves.  The  bnd 
es  of  the  Oak  are  the  stipulea  of  leaves  in  which  the  laminw  are  only 

■  npresented  by  niinute  scales.  Scale  leaves,  usually  colourless  and  in 
I  various  stages  of  reduction,  are  found  on  rhizomes  (Fig.  21),  bulbs 
l'(Fig.  23),  and  tubers  (Fig,  24).  On  the  aerial  sterna  arising  from  such 
P  nbterraiiean  shoots  the  formation  of  similar  scale  leaves  generally 

precedes  the  development  of  the  foliage  leaves,  with  which  they  are 
connect«d  by  a  series  of  transitional  furms. 

Bracteal  Leaves  resemble  scale  leaves  in  form,  and  have  a  similar 
development.  They  act  as  subtending  leaves  for  the  floral  shoots, 
and  are  termed  bracts.  They  are  connected  with  foliage  leaves  by 
intermediate  forms.  Though  they  are  not  infrequently  green  they 
may  be  otherwise  coloured,  or  even  altogether  colourless. 

Flofal  Leaves.—The  modified  leaves  which  form  the  fiowera  of 

Phanerogams  are  termed  floral  leaves.     In  the  highest  development 

attained  by  a  jihanerogamic  ftower  (Fig.  32),  the  successive  floral  leaves 

-  are    distinguished    as    sepals 

(ft),  petals  (c),  stamens  (a),  and 

lels  (g).    In  most  cases  the 

hIs  are  green  and  of  a  firm 

nicture ;  the  petals,  on  the 

:  hand,  sro  more  delicate    ' 

;  variously  coloured.     The 

tens  are  generally  tilameiit- 

ns,  and  produce  the  pollen 

tfp^aX    receptaclea.       The 

mA»  more  closely  resemble 

»l«  leaves,  and  by  closing  to- 

_  Jicr  form  receptaclea  within 

Vhicli    the    ovules    are    pro- 

'  duced.       The     stamens     and 

carpels  of  Phanerogams  corre- 

apond    lo   the    spore- bearing 

leaves  of  the  Vascular  Crypto- 

Such  spore-bearing  leaves  are  termed  spoROPHVLm,  and  even 

a  Vascular  Cryptogams  exhibit  a  greater  or  less  deimrture  from 

:  fumi  of  other  foliage  leaves.     It  is  evident  that  the  scale  and 

tGt«nl  leaves  arc  to  be  considered  us  nuUmental  foliage  leaves,  not 
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only  from  the  luode  of  their  devtilopmeat  but  uIbo  from  the  possibility 
of  traDs forming  them  into  folinge  leaves.  Gorbei,  by  removing  the 
growing  tip  and  foliage  leaves  of  a  shoot,  Kucceeded  in  forcing  it  to 
develop  other  foliage  leaves  from  its  scale  leaves.  Khizomes,  grown 
in  the  light,  develop  foliage  leaves  iu  place  of  the  usual  scale  leaves, 
and  even  on  a  potato  it  is  ]>osBible  to  induce  the  forroatiun  of  small 
foliage  leaves  instead  of  the  castomary  scale  lenves. 

Leaf-Scars. — After  a  leaf  has  fallen,  its  previous  point  of  insertion 
on  the  stem  is  marked  by  tlie  cicatrix  or  scar  left  by  the  fallen  leaf. 
In  winter,  accordingly,  when  the  trees  are  denuded  of  their  leaves,  the 
axillary  buds  are  plainly  perceptible  above  the  leaf-scars. 

The  Hetamorphosis  of  Foliagre  Leaves.— A  form  of  slightly  modi- 
fied foliage  leaves  is  seen 
in  peltate  leaves,  or  those 
of  which  the  petioles  are 
attached  to  their  lower 
surfaces  somewhat  within 
.  the  margin,  as  in  the  leaves 
)  of  the  Indian  Cress  (Ti-o- 
pu-evlum  imijus,  Fig.  180). 
In  the  piHicess  of  thetr  de- 
velopment the  young  leaf- 
blades,  iu  this  case,  grow 
not  only  in  the  same  direc- 
tion as  the  ]>etioles,  as  a 
prolongation  of  them,  but 
also  horizontally  in  front 
oftla-m.  The  tubular  lea VM 
of  many  insectivorous  plants 
may  have  commenced  their' 
development  in  much  the 
same  way.  The  leaves  ol 
Nepenlkes  rdiasla  (Fig.  33), 
for  example,  iu  the  course 
of  adaptation  to  the  per- 
foi-mance  of  their  special 
function,  have  acquired  the 
form  of  a  pitcher  with  « 
lid  which  is  closed  in 
young  leaves,  but  eventu- 
ally opens.  The  pitcher,  aa 
GoKliKL  has  shown,  arises 
as  a  modification  of  the  leaf-blade.  At  the  same  time  the  leaf- 
base  becomes  expanded  into  a  leaf -like  body,  while  the  petiolt 
between  the  two  parts  sometimes  fulfils  the  otiice  of  a  t«ndril.  By 
a   simitar   metamorpliosis   of   its   leaflets,  bladder-like    cavities    are 
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developed  on  the  submerged  leaves  of  Utrkularia  (Fig.  34).  The 
entrance  to  each  bladder  is  fitted  with  a  small  valve  which  permits  the 
ingress  but  not  the  egress  of  small  water-animals.  While  such  leaves 
display  a  progressive  metamorphosis,  in  other  instances  the  modifica- 
tions are  of  the  nature  of  a  reduction.  A  metamorphosis  of  the  whole 
leaf  lamina,  or  a  part  of  it,  into  tendrils  (leaf-tendrils)  is  a  compara- 
tively frequent  occurrence,  especially  among  the  Papilionacet.ie,  In  the 
adjoining  figure  of  a  Pea  leaf  (P'ig.  35),  the  upper  pair  of  leaflets  have 
become  transformed  into  delicate  tendrils  which  have  the  power  of 


Fig.  34. — UtricuUtria  nibjaris.  A,  Part  of  leaf  with  several  bladders  (  x  iJ).  B,  Single  i)innule  of  leaf 
with  bladder (x  6).  C (after  Goebel),  Longitudinal  section  of  a  bladder  (x  28);  r,  valve;  ", 
wall  of  blatlder  ;  J,  cavity  of  bladder. 

twining  about  a  support.  In  the  case  of  the  yellow  Vetchling,  LatJupus 
Aphaca  (Fig.  36),  the  whole  leaf  is  reduced  to  a  tendril  and  the  function 
of  leaf-blade  is  assumed  by  the  stipules  (/*).  A  comparison  between 
these  two  forms  is  phylogenetically  instructive,  as  it  indicates  the  steps  of 
the  gradually  modifying  processes  which  have  resulted  in  the  complete 
reduction  of  the  leaf  lamina  of  Lathyrus.  But,  for  still  other  reasons, 
the  last  case  deserves  attention,  as  it  shows  clearly  the  morphological 
distinction  between  leaf  and  stem  tendrils,  and  emphasises  the  value  of 
comparative  morphological  investigation. 

In  Lathyrus  ApJuica  the  stipules  assume  the  function  of  the 
metamoq)hosed  leaf  laminae ;  in  other  instances,  as  in  the  case  of  the 
Australian  Acacias  (Fig.  48,  7,  8,  9),  it  is  the  leaf  petioles  which, 
becoming  flattened  and  leaf-like  in  appearance,  supply  the  place  of  the 
undeveloped  leaf-blades.     Such  a  metamorphosed  petiole  is  called  a 


PHYLLODE,  and,  except  that  it  is  expanded  perpemlicularly,  exactly 
resembles  a  cladode.  From  the  latter,  however,  it  is  morphologically 
different,  for  the  one  represents  a  metamorphosed  petiole,  the  other  a 
metamorphosed  shoot.     In  accordance  with  this  distinction  phyllodea 
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do  not,  like  cladodes,  spring  from  the  axils  of  leaves.  Just  as  stems 
become  modified  into  thorns  (Fig.  28),  by  a  similar  metamorphosis 
leaves  may  be  converted  into  leaf  thorns.  Wliole  leaves  on  the  main 
axis  of  the  Barberry  (Brriieris  lulgam)  become  thus  transformed  into 
thorns,  usually  three,  but  In  their  character  of 
leaves  still  give  rise  to  axillary  shoots  pro- 
vided with  foliage  leaves.  By  a  similar  meta- 
morphosis, the  two  stipules  of  the  leaves  of 
the  common  Locust  (Boblnia  fseiuiacaciti) 
become  modified  into  thorns,  while  the  leaf 
lamina  persists  as  a  foliage  leaf  (Fig.  37).  In 
addition  to  stem  and  leaf  thorns,  many  plants 
are  ))rovided  with  other  oiitgrowths  of  similar 
appearance,  which  are  often  wrongly  called 
thorns ;  but  as  they  have,  in  reality,  an  alto- 
gether different  morphological  origin,  they 
are  more  correctly  termed  ]>rickles.  The 
prickles  so  characteristic  of  the  Rose  and 
.  Blackberry  belong  to  the  same  category  as 
I  hairs,  and  in  no  way  represent  metamorphosed 
segments  of  the  plant  body.  Like  hairs, 
they  are  also  superficial  outgrowths  (emer- 
)  definite  fixed  rfUtion  to  the  external  seg- 
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mentation    of  a    plant,    but 


from    any    part    of  its    surface. 
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■  Prickles  vary  consiJembly  in  number,  iliey  are  not  arranged  in  any 

finite  manner,  and  in  gome  cases  are  entirely  absent. 

Vernation   and  Estivation. — A  section  through  a  winter   bmi 

I  shows  a  wonderful  adaptation  of  the  rudimentary  leaves  to  the  naixow 

1  space  in  which  they  are  confined  (Fig.  36).     They  may  be  so  disposed 

T-tliat   the  separate   leaves  are   spread   out  flat',  but  more  frequently 

I  they   are   folded,  either   eross-wiae   or   length-wise   on   tlie   midrib 

I  {con duplicate),  or  in  longitudinal  plaits,  like  a  fan  (plaited,  plicate): 

I  cr  they  may  be  crumpled  with  no  definite  arrangement  of  the  folds  : 

t  each  leaf  may  be  rolled,  either  from  the  tip  downwards  (circinate)  or 

!  longitudinally,  from  one  margin  to  the  other  (convolute),  or  from  both 

margins  towards  the  midrib,  eitlier  outwards  (revolute)  or  inwards  (in- 

Tolnle,  Fig.  38,  0-    The  manner  in  which  each  separate  leaf  is  disposed 


in  the  bud  is  termed  vkrsatiox.  On  the  otlier  hand,  the  arrangement 
of  the  leaves  in  the  bud  with  respect  to  one  another  is  designated 
.Estivation.  In  this  respect  the  leaves  are  distinguished  as  FRKK  when 
'  tiiey  do  not  touch,  or  valvatk  when  merely  touching,  or  iJiBRlfATKD, 
which  case  some  of  the  leaves  are  overlapped  by  others  (Fig.  3B,  it). 
Iff  M  frequently  occurs  in  flower-biids.  the  margins  of  the  floral 
iiccessively  overlap  each  other  in  one  direction,  obliquely  or 
^otherwise,  the  iestivation  is  said  to  Iw  CONTORTED. 

The  Arrangement  of  Leaves. — In  all  erect  elongated  shoots,  and 

Instill  more  so  in  dwarf  shoots,  it  is  apparent  that  there  is  a  marketl 

pilarity  in  the  arrangement  of  leaves.     This  regularity  may  be  most 

"  F  rocognised  in  cross-sections  of  buds  (Fig.  39),  particularly  in 

ins  showing  the  apex  of  the  vegetative  cone  (Fig.  29).     From 

an   ftpioal  section   it  is  easily  seen   that  the  regularity  in    the 
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order  of  arrangement  of  the  rudimentary  leaves  is  determined  by  their 
conformity  with  the  position  of  the  older  leaves  on  the  vegetative 
cone,  and  the  consequent  necessity  of  utilising  the  remaining  free 
space.  Thus,  the  position  of  newly  developing  leaves  is  influenced 
by  those  already  existing,  while  their  formation  is  the  result  of  in- 
ternal causes.  After  the  rudiments  of  the  new  leaves  have  become 
protruded  from  the  vegetative  cone,  they  come  in  direct  contact  with 
the  older  leaves,  and  may  then,  as  Schwendener  has  shown,  become 
displaced  through  the  consequent  mutual  pressure,  by  which  correspond- 
ing changes  in  their  ultimate  position  may  be  effected.  If  the  axis 
does  not  grow  in  length,  but  only  in  thickness,  as  the  rudimentary 
leaves  increase  in  size,  their  points  of  insertion  will  be  displaced  later- 
ally by  longitudinal  pressure ;  if  the  axis  increases  in  length,  and  not 
in  thickness,  the  insertion  of  the  leaves  will  be  displaced  by  a  trans- 
verse pressure.  The  arrangement  of  the  leaves  would  also  be  aff'ected 
by  any  increase  or  decrease  in  the  size  of  the  vegetative  cone,  un- 
accompanied by  a  corresponding  increase  or  cessation  of  the  growth 
of  the  rudimentary  leaves.  Abrupt  changes  in  the  usual  position 
of  the  leaves  may  also  be  occasioned  by  the  torsion  of  their  parent 
stem.  Thus,  the  leaves  of  Pamlanas  first  appear  in  three  straight 
rows  on  the  vegetative  cone,  and  their  subsequent  spiral  arrangement, 
according  to  Schwendener,  results  from  the  torsion  of  the  stem.  An 
irregular  arrangement  of  the  leaves,  such  as  occurs,  for  example,  on 
the  flower-stalk  of  the  Crown  Imperial  {FrUillarui  imperialis),  may 
result  from  the  unequal  size  of  the  leaves  at  the  time  of  their  in- 
ception on  the  vegetative  cone. 

A  frequent  mode  of  arrangement  of  foliage  leaves  is  the  decussate, 
in  which  two-leaved  whorls  alternate  with  each  other  (Fig.  29).  A 
whorled   arrangement  is  characteristic  of  floral  leaves.      When  the 

number  of  leaves  in  each  whorl  is  the  same  the 
^  whorls  usually  alternate.     On  the  other  hand,  the 

number  of   members  in  the  different  whorls    of 
floral  leaves  will  often  be  found  to  vary  greatly ; 
or    a  whorl,   the    existence    of    which    would    be 
expected   from   the  position  of  other  whorls  and 
from   a  comparison    with  allied    plants,    may  be 
altogether  wanting.      In  this  connection   a  com- 
parison of  the  flowers  of  the  LUiaceae  and  Irkinceae 
will  be  instructive.     The  flowers  of  the  Liliacetie 
"  u,t;o!;:r«':r.Vc  (F^g-    40)  are  composed    of  five   regularly  alter- 
main  axis  is  indicated   uatiug,  thrcc-leaved  whorls  or  cycles,  viz.  a  calyx 
by  a  Mack  dot,  opjK)-  ^nd  a  corolla  (each  consisting  of  three  leaves,  and 

site   to  wliich   is    llie  j.       r    .^     •  •      '^  11 

tj^Rot.  ^'^    account  of  their   similar    appearance    usually 

referred  to  conjointly  as  the  perianth),  an  outer 
and  an  inner  cycle  of  stamens,  and  finally,  in  the  centre  of  the  flower, 
an  ovary  of  three  carpels.     In  the  flowers  of  the  Iridaceae  (Fig.  41) 
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the  arrangement  is  exactly  similar,  except  that  one  whorl,  that  of 
the   inner  cycle  of  stamens,    is    lacking,   but    the   three    carpels  are 
situated  exactly  as  if  the  missing  cycle  of  stamens 
were  present     From  this  similarity  of  arrangement,  # 

despite  the  absence  of  the  one  cycle  of  stamens,  the 
conclusion  has  been  drawn  that,  at  one  time,  the 
inner  row  of  stamens  was  actually  present,  but  has 
now  disappeared.  In  constructing  a  theoretical 
DiAfiRAM  of  the  Iridaceae  the  missing  cycle  of 
stamens  is  indicated  by  some  special  sign  (by  crosses 
in  Fig.  41);  a  diagram  in  which  theoretical  sup- 
positions are  not  taken  into  consideration  is  called 
an  EHPrRiCAL  DIAGRAM.  Dii^ams  showing  the  '^"liig^,!^,;', 
alternate  arrangement  of  leaves,  in  cases  where  ..ftii^iru.  Theai- 
only  a  single  leaf  arises  from  each  node,  may  wtitrjcii-iptstamein 
be  constructed  by  projecting  the  successive  nodes  ,.r.nw»' 
of  a  stem  upon  a  plane  by  means  of  a.  series 
of  concentric  circles,  on  which  the  position  of  the  leaves  may  be 
indicated  (Fig.  42).  The  angle  made  by  the  intersection  of  the 
median  planes  of  any  two  successive  leaves  is  called  their  DIVERGENCE, 


and  is  expressed  in  fractions  of  the  circumference ;  for  example,  in 
case  the  angular  divergence  between  two  successive  leaves  is  1'J0°, 
their  divergence  is  expressed  by  the  fraction  J.  In  the  adjoinini; 
diagram  (l-"ig.  42)  a  j  divergence  is  indicated.  Where  the  lateral 
distance  between  two  successive  leaves  is  ;  of  the  circuniference  of  the 
stem,  the  sixth  leaf  is  above  the  first,  the  seventh  above  the  second, 


and  ao  on.  The  leaves  form  on  tlie  axis  five  vertical  rows,  which 
are  spoken  of  aa  onTiroSTiciriE-s.  Where  the  leaves  are  very  much 
crowded,  as  in  dwarf-ahoots,  a  set  of  spii'al  rows  ciitled  PARASTI(]HIES, 
due  to  the  contact  of  the  nearest  laterally  adjacent  members,  becomes 
much  more  noticeable  than  the  orthoatichies.  If  the  surface  of 
such  ail  axis  be  regarded  ns  spread  out  horizontally,  the  [>ara8tichies 
become  at  once  distinguishable  (Fig.  43),  and  it  wUI  be  evident  that  the 
sum  of  the  parastiehiea  cut  by  every  cross-section  through  such  an 
axis  must  equal  the  number  of  the  orthoatichies.  On  objects  like 
pine  cones,  iu  which  the  parastichies  are  easily  recognised,  they  may 
be  used  to  determine  the  leaf  arrangement.  The  most  common 
divergences  are  the  folloiring,  4-,  ^,  ^,  ^,  -j^,  /y,  ^,  etc.  In  this 
aeries  it  will  be  observed  that  in  each  fraction  the  numerator  and 
denominator  are  the  sum  of  those  of  the  two  preceding  fractions.  The 
value  of  the  difi'erent  fractions  varies,  accoi'dingly,  between  i  and  J, 
while  always  approaching  a  divergence  angle  of  137°  30'  SS".  The 
frequent  recurrence  of  the  divergence  angles,  expressed  by  the 
fractions  of  this  aeries,  is,  no  doubt,  due  to  the  fact  that  by  such 
arrangements  of  the  leaves,  the  space  available  is  utilised  to  the  best 
advantage,  and  vrith  the  least  possibility  of  mutual  hindrance  in  the 
perfoi-mance  of  the  asairailatory  functions.  If  a  lino  be  drawn  on 
the  surface  of  a  stem,  so  as  to  pass  in  the  shortest  way  snccessively 
through  the  points  of  insertion  of  every  leaf,  a  spiral  called  the 
GENETIC  SPIRAL  will  be  constructed.  That  portion  of  the  genetic 
spiral  between  any  two  leaves  directly  over  each  other  on  the  same 
orthoBtichy  is  termed  a  cycle.  Where  the  divergence  is  ^,  a.  cycle 
will  accordingly  include  five  leaves,  and  will  in  auch  a  case 
have  made  two  turns  about  the  stem.  An  attempt  has  been  made  to 
trace  spirals  even  where  the  leaves  are  arranged  in  whorls,  but 
now  that  the  genetic  causes  controlling  such  leaf  arrangemente  are 
understood,  such  a  procedure  seems  rather  superfluous.  It  is,  moreover, 
no  longer  attempted  to  extend  the  spiral  theory  to  dorsiventral  shoots ; 
eince  it  ia  now  known  that  this  arrangement  of  the  leaves  is  due,  not 
to  an  ideal  spiral  law,  but  to  mechanical  causes  regulating  their 
development.  The  tips  of  dorsiventral  slioots  are  frequently  coiled 
ventrally  inwards,  bearing  their  leaves  either  dorsally  or  on  the  side^ 
hut,  ill  the  latter  case,  more  on  the  dorsal  than  ventral  surface.  Tha 
creeping  stems  of  many  Ferns  or  the  flower -bearing  shoots  of 
Forget-me-not  (Mffosoiis)  are  good  examples  of  such  dorsiventral 
shoots.  The  tine  joining  successive  leavee  in  such  cases  is,  at  the 
best,  but  a  zigzag. 

The  Root 

The  third   member   of   the    plant   body    of   Corrnoiihytes,    in    its 
typical  development  as  an  rNliEiuiitor.vn  HnoT,  shows  but  little  varJa- 
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'  tion.  This  regularity  of  form  ie  due  to  the  uniformity  of  tlic  conditions 
to  which  roots  are  exposed  in  the  ground,  for  AEKIAI^  rlhjts,  which  ai'e 
for  the  moat  part  restncte<1  to  the  moist  climate  of  the  tropics,  exhibit 
a  much  greater  tendency  to  modification.  The  covered  vegetiitive  cone 
and  the  inability  to  develop  lenvea  are  characteristic  of  roots,  and 
furnish  an  easy  means  of  distinguishing  them  from  nndei^round  shoots. 
A  ROOT-CAP  or  CALVPTRA  affords  the  vegetative  cone  of  a  root  the 
protection  that  is  provided  to  the  apex  of  a  stem  by  the  rudimentary 
'leaves.  Although,  generally,  the  existence  of  a  root-cap  is  only  dis- 
'iftlosed  by  a  median,  longitudinal  section  through  the  root-tip,  in  some 
toota  it  is  ])lainly  dietingtitEhable  as  a  cap-like  covering.  The  very 
noticeable  caps  on  the  water  roots  of  Duckweed  (Lfiinui)  are  not,  in 
reality,  root-caps,  as  they  are  not  derived  from  the  root,  but  from  a 
^eitth  which  envelops  the  nidimentary  root  at  the  time  of  its  origin. 
They  are  accordingly  termed  ROOT-POCKETS  (Fig.  415,  wY).  As  a 
^neral  rule,  however,  roots  without  root-caja  are  of  rare  occurrence, 
and  in  the  case  of  the  Duckweed  the  root-pockets  perform  all  the 
.fnnclions  of  a  root-cap.  The  short-lived  roots  of  the  Dodder  (p.  25) 
ikfford  another  example  of  roots  devoid  of  root-caps.  Characteristic  of 
jtDOts  are  also  the  roim-hairs  (Fig,  47,  r),  which  are  found  at  a  shoi-t 
distance  from  their  apices.  As  the  older  root-hairs  die  at  the  same 
ite  that  the  new  ones  are  developed,  only  a  smalt  portion  of  a  root  is 
provided  with  root-hairs  at  the  same  time.  In  other  respects,  root^ 
haira,  like  prickles,  show  no  regularity  in  their  individual  position  or 
numher.  In  ?ome  few  instances  roots  develop  no  root-hairs ;  this  is 
me  of  the  roots  of  many  Conifers,  and  of  most  aerial  roots. 

Branching  of  the  Root. — Just  as  a  shoot  may  become  bifurcated 
y  the  division  of  it«  growing  point  (Fig.  18),  so  a  root  may  become 
■hnilarly  branched.  For  the  most  part,  this  mode  of  branching  takes 
l^ce  only  in  the  roots  of  LyaipoiUacrae,  the  shoots  of  which  are  also 
dicbotomonsly  branched  (p.  1 9).  The  branching  of  roots  usually 
occurs  in  acrojjetal  succession,  but  the  lateral  roots  (Fig.  47,  &w)  make 
tlieir  appearance  at  a  much  greater  distance  from  the  growing  point 
of  the  main  root,  than  lateral  shoots  from  the  apex  of  their  parent 
Mem.  Ity  reason  of  the  internal  structure  of  their  parent  root,  lateral 
mts  always  develop  in  longitudinal  i-ows  (Fig.  47).  They  are  of 
ndogenoua  origin,  and  before  reaching  the  surface  must  break  through 
surrounding  and  overlying  tissue  of  the  parent  root,  by  the 
lUptured  [Jortions  of  which  they  are  often  invested,  as  with  a  collar, 

Ali%'EN'Tn'toi;8  ROOTS,  just  as  adventitious  shoots,  may  arise  from 
my  part  of  a  plant.  They  are  especially  numerous  on  the  underside 
rof  rhizomes  (Fi|j.  21,  w),  and  also,  when  the  external  conditions  are  at 
all  favourable,  they  seem  to  develop  very  readily  from  the  stem  nodes, 
A  young  shoot,  or  a  cutting  planted  in  moist  soil,  quickly  forms 
•dventitiouB  roots,  and  roots  may  also  arise  in  a  similar  manner  from 
leaves,  esjiecially  from  Br;im'ui  leaves.    The  origin  of  adventitious  roots, 


as  of  all  roota,  fa  eiidogtinous.  Dormant  root  rudimenta  occur  in  the 
same  manner  as  dormunt  buds  of  shoou.  The  ease  willi  which  willows 
are  propagated  from  shoots  Js  well  known,  and  is  due  to  the  prompt- 
sith  which  they  develop  adventitious  roots  from  apparently 
latent  embryonic  tissue,  when 
the  requisite  conditions  of 
moisture  and  darkness  are  ful- 
fille<I. 

The  Metamorphosis  of  the 
Root. — The  cnstomary  nomen- 
cbtuie  for  the  various  root 
forms  is  based  on  their  shape, 
size,  and  mode  of  branching 
A  root  which  is  a  prolongation 
downwards  of  the  main  stem 
is  called  the  main  root  or  TAP- 
iittOT ;  the  other  roots  are 
termed,  with  reference  to  the 

tap-root,     LATERAL     ROOTS    Ot 

different  orders,  according  to 
the  order  of  their  develop- 
ment. The  roota  may  enlarge 
'  and  become  turnip-shaiied  or 
tuberous  (Fig.  44),  Such 
tuberous  growths  often  greatly  resemble  stem  tubers,  but  may  be  dis- 
tinguished from  them  by  their  root-caps,  by  the  absence  of  any  indict 
tions  of  leaf  development,  and  by  their  internal  structure. 

The  tati«n<  of  the  OrchCdacrai-  exhibit,  morjih □logically,  a,  peculiar  mode  of  fiir- 
matioii.  They  ■re,  to  a  grMt  cxt«nt,  raaiie  up  of  fleshy,  swollen  roots,  fused  to- 
gether ani]  ti-minatiDf;  above  in  a  Nhnot-biid.  At  tlieir  loner  extremi^  the 
tnb«T9  are  eitbor  simple  or  palniately  ai-gnientvU.  In  tile  ai^aining  figure  (Fi^ 
45)  both  an  old  ((')  and  a  young  tuber  (C)  are  represeuted  slill  united  togetbei. 
The  older  tuber  has  produced  iU  flowering  shoot  (6],  and  has  begun  to  shrivel  aod 
dry  up  1  a  bud,  formed  at  the  base  of  the  .shoot,  in  the  axil  of  a  scale  leaf  («),  hu 
already  developed  the  adventitions  roots,  which,  swollen  and  fused  together,  have 
given  riae  to  the  younger  tuber. 

The  aerial  roots  of  tropical  Epiphytes  differ  considerably  in  their 
structure  from  underground  roots.  The  aerial  roots  of  the  Oirhidacfot 
and  of  many  Amident  are  provided  with  a  spongy  sheath,  the  VSLAHEK, 
by  means  of  which  they  are  enabled  to  absorb  moisture  from  the 
atmosphere.  Aerial  roots,  in  some  cases,  grow  straight  downwards,  and 
npon  reaching  the  ground,  branch  and  function  as  nntritive  roots  for 
the  absorption  of  nourishment ;  in  other  instances,  they  turn  from  th« 
light,  and,  remaining  comparatively  short  and  unhranched,  fasten  tb«n- 
selves  as  ci.niBiXG  hoots  to  any  support  with  which  they  come  in 
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contact.  The  climbing  rootB  of  many  Orchids,  Aroids,  and  Ferns  branch 
and  form  lodgment  placea  for  humua ;  and  into  this  the  nutritive  root 
branches  penetrate  as  special  outgrowths  of  the  climbing  roots.  Pendent 
aerial  roots  generally  contain  chlorophyll.  In  the  Orchid  Anijmwnm 
/iPMlitsum  the  task  of  nourishing  the  plant  is 
left  entirely  to  the  aerial  roots,  which  are 
then  devoid  of  a  velamen,  and  very  much 
flattened.  They  are  distinctly  green -coloured, 
and  supply  the  place  of  the  leaves  which  lose 
their  green  colour  and  are  reduced  to  scales. 
The  aerial  roots  of  the  epiphytic  Bromeli- 
artae  are  developed  exclusively  as  climbing 
roots,  while  the  leaves  function  not  only  as 
assimilating  organs,  but  also  assume  the 
whole  task  of  water -absorption.  All  the  ¥io.  i&.-Orrhu  laiiMi"-  r,  TUa 
aerial  roots  of  Epiphytes  are,  so  far  as  their  J^t^w'T  "b!^'''-'!!™  ™f 
origin  is  concerned,  adventitious.  kbIb  i„t  witii  niiiinry  bud' 

»■,  ^oni  which  the  new  tnbep 

a  tliickly-nistteil  covering  on  the  trunks  of  Tree-  '  '""  """^  (J  nn  ,  s  a.} 
frrns  become  hard  after  death,  and  serve  aa  organa  of  protection.  In  eome 
Palms  (AanUhorrhiai,  IriarUa)  the  adventitious  roots  on  the  lower  part  of  the 
Ntem  l>eeome  modified  into  thorns,  rimit-thoknk.  The  roots  of  certain  tropical 
jilatits,  Hueh  as  Paiiilaau!  and  tlie  swamp- in liabiting  Mangrove  trees,  are  specially 
nKxlilicd.  Tliese  plants  develop  on  their  ntcms  adventitious  root*,  which 
grow  obliquely  downwards  into  the  ground,  bo  that  the  atem»  finally  «pp«ar 
as  if  growing  on  stilts.  Tlie  Banyan  trees  of  India  (firt(3  Inilieii)  produce  wonder- 
ful root-Hupporta  from  the  under  side  of  thiiir  branches,  upon  which  they  rest 
as  »iM>n  columns.  The  lateral  roots  of  certain  JIangrove  trees  become  modified  as 
peculiar  breatliing  organs,  and  for  this  purjHiso  grow  iipwaril.s  into  the  air  out  of 
the  Bwanipy  noil  or  water  in  wliicli  the  trees  grow  ;  they  tlien  heeome  greatly 
swollen  or  Battened,  and  provided  with  special  aerating  passages.  Such  resi'IRa- 
T'lHV  or  AER,*T[Nii  liOuTS  surround  the  Mangrove  trees  like  vigorous  Asparagus 
stalks,  and  enable  the  roots  growing  below  in  the  mud  to  carry  on  the  necessary 
exchange  of  gases  with  the  atnios|ihere. 

The  roots  of  parasites  usually  undergo  a  far-reaching  reduction. 
The  roots  of  the  Dodder  (Cuscuta)  form  wart-like  excrescences  (Fig. 
1B.5,  H)  at  the  point  of  contact  with  their  nourishing  host,  which 
ihey  Anally  penetrate.  They  draw  nourishment  from  the  host  plant, 
and  are  consequently  termed  SUCTION  roots  or  HAUSTORIA ;  such 
haustoria  divide  within  their  host  into  single  threads,  and  from  each 
thread  a  new  parasitic  plant  may  be  formed.  The  immense  flowers  of 
liiiffltsia  Amoldi,  which  spring  directly  from  the  roots  of  t'ts-w,  owe 
their  origin  to  similar  haustoria.  Tlie  reduction  of  the  roots  may 
extend  to  such  a  degree  that,  in  many  plant":,  no  roots  are  formed. 
It  has  been  already  mentioned  (p.  23)  that  in  the  case  of  V«r<iHi</r- 
ikizn  iiinaia  (Fig.  22)  the  rhizome  assumes  all  the  functions  of  the 


Foots,    which  ure  entirely  absent.     Also  in  many  aquatics,  SaMnia, 
It'iil^ii  iiirliiai,  Uliicularut,  Ceralophyiium,  roots  are  altogether  absent. 


The  OntD^ny  of  Plants 

Just  as  in  the  pbylogenetic  (]evelo[iment  of  the  vegutable  king<]oni 
there  is  an  evolution  from  simpler  to  more  comjilex  forme,  so  each  plant 
in  its  ontogeny  passes  through  a  similar  pi'ocess  of  evolution.  The 
study  of  the  ontogenetic  development  of  a  plant  is  termed  embryology, 
A  young  plant,  in  its  rudimentary,  still  unformed  condition,  is  culled  an 
KMBRYO  or  GERM  ;  and  the  early  stages  of  its  development  are  spoken  of 
as  GERMINATION.  As  a  rule,  the  embryo,  in  the  beginning  of  its  de- 
velopment, is  microscopic  and  of  a  spherical  form.  In  a  lower  organism 
this  condition  may  continue  from  the  beginning  to  the  end  of  its 
development,  as  is  the  case  in  Gloenrapsa  polj/deniiatica  (Fig.  1,  p.  11); 
or  the  development  may  proceed  further  to  the  formation  of  filament- 
ous, ribbon-like  or  cylindrical  bodies.  If  the  future  plant  is  to  have 
a  growing  point,  a  part  of  the  germ  substance  is  retained  in  its 
embryonic  condition,  and  further  development  proceeds  from  this 
embryonic  subatjiuce.  In  the  more  highly-organised  jjlunts  the  different 
members  arising  from  the  growing  point  only  gradually  attain  that 
degree  of  development  characteristic  of  the  particular  plant.  The 
plant  must  develop  and  attain  maturity,  and  it  is  not  until  it  has 
accomplished  this  that  certain  portions  of  the  embryonic  substance  of 
the  growing  point  are  appropriated  to  the  production  of  new  embryos. 

The  different  generations  arising  from  an  embryo  of  a  plant  may 
exactly  resemble  each  other,  or  an  alternation  of  generations  may 
occur,  in  which  case  each  succeeding  generation  is  unlike  its  immediate 
predecessor.  As  a  general  rule,  the  alternate  generations  are  equiva- 
lent, although  this  is  not  necessarily  the  case.  One  of  the  alternating 
generations  is  usually  sexually  differentiated,  that  is,  its  reproductive 
cells  are  only  capable  of  development  after  a  fusion  with  other  repro- 
ductive cells.  This  process  of  the  fusion  of  two  sexually  difTerentiated 
cells  is  called  FERTILISATION,  and  its  product  a  fertilised  egg.  The 
asexual  generation,  on  the  contrary,  jiroduces  reproductive  cells, 
termed  sKtRES,  which  require  no  fertilisation  before  germinating.  In 
the  case  of  the  Thallophytes,  the  alternation  of  generations  is  often 
extremely  complicated  by  the  irregularity  of  the  recurrence  of  the 
different  generations,  and  by  the  interposition  of  other  modes  of 
reproduction,  not  in  line  vrith  the  regular  succession  of  generations. 
In  the  Cormophytes,  however,  asexual  and  sexual  generations  regularly 
alternate,  and  consequently,  whenever  an  alternation  of  generation 
occurs,  more  than  one  generation  is  requisite  to  complete  a  cycle  in 
the  development  of  a  species.  Accordingly,  in  the  conception  of  a 
species,  two  or  more  individuals  are  included.  These  individiials 
may  exist  separately  and  distinct  from  each  other,  or  they  may  be  so 
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united  as  to  appear  but  a  single  organism ;  as,  for  example,  in  the 
Mosses,  where  the  spore-producing  generation  lives  upon  the  sexual 
plant,  or  as  in  Phanerogams,  where,  conversely,  the  sexual  generation 
completes  its  development  within  the  asexual  plant. 

In  Phanerogams,  owing  to  the  formation  of  the  embryo  within 
seeds,  that  stage  of  the  development  of  a  plant  which  is  termed 
germination  is  clearly  defined ;  for  not  until  the  seed  is  completely 


formed  does  the  newly-formed  plantlet  begin  its  independent  exisO 
ence.  The  embryo,  while  still  enclosed  within  tlie  seed,  generally 
exhibits  the  segmentations  characteristic  of  Cormophytes.  Protected 
liy  the  hard  seed-coats,  it  is  enabled  to  sustain  a  long  jMriod  of  rest. 
Abundant  deposits  of  nutritive  material  in  the  embryo  itself,  or 
surrounding  it,  are  provided  for  its  nourishment  during  germination. 
The  different  segments  of  a  phanerogamic  embryo  have  received 
distinctive  names  ;  thus,  as  in  the  embryo  of  the  American  Arbor  Vitae 
(Thuja  ofddenlalis.  Fig.  46),  the  stem  portion  (k)  is  termed  the  HYPO- 


COTYL,  the  first  leaves  (c)  are  the  SEEU  LEAVES  or  COTYLEDONS,  while 
the  root  (r)  is  distinguished  as  the  radicle.  The  tap-root  of  the  fully- 
developed  plant  is  formed  by  the  prolongation  of  the  radicle.  In 
Fig.  47  a  germinating  plantlet  of  the  Hornbeam  {Carpinus  Bttulus)  is 
shown  with  its  hypocotyl  {h)  and  both  cotyledons  (c) ;  but  its  radicle 
lias  already  developed  into  a  tap-root  (hw)  with  a  number  of  lateral 
loots  {sw).  An  intemode  and  foliage  leaf  (/)  have  been  produced 
from  the  vegetative  cone  of  the  stem ;  while  the  next  higher  intemode 
is  also  distinguishable,  but  has  not  yet  elongated,  and  a  second  foliage 
leaf  (/')  is  unfolding. 

A  highly  organised  plant,  which  begins  its  development  with 
the  simplest  stages  and  gradually  advances  to  a  higher  state  of 
differentiation,  repeats  in  its  ontogeny  its  phylogenetic  develop- 
ment. In  the  process  of  its  ontogenetic  development  much  has 
been  altered,  and  much  omitted,  so  that  it  presents  but  an  imperfect 
picture  of  its  past  history ;  nevertheless,  this  representation  is  valuable, 
and,  next  to  comparative  methods,  furnisiies  the  most  Important  source 
of  morphological  knowledge.  Whatever  is  true  of  the  development  of 
a  plant  from  the  embryo 
is  also,  as  a  rule,  applicable 
to  its  fuither  growth  from 
the  growing  point,  and,  con- 
.  seciuentjy,  a  knowledge  of 
the  mode  of  development 
at  the  growing  [wint  is 
of  great  importance  in 
detectinghomologies.  The 
earlier  a  characteristic 
makes  itself  apparent  in 
the  embryo,  or  the  nearer 
it  is  to  the  growing  point 
of  the  old  plant,  so  much 
the  greater  is  its  value  in 
determining  the  general 
relationships  existing  be- 
tween the  different  plants ; 
the  later  it  is  exhibited  in 
the  embryo,  or  the  farther 
removed  it  is  from  the 
»t)-iBion»  growing  point  of  the  plant, 
"« iKttoiK  ^^  '^^®  "*  general  value, 
at  Ihvm  .->  und  (I  otb  vorticMiijr  eipuiiini :  and  in  the  but  the  greater,  in  propor- 
fdiuwiiiB  i«iw.,  7,  B,  ...  rnodiiici  w  vii)-ii«dia.  with  fion,  its  importance  in  de- 
fining the  character  of  a 
genus  or  sj^cies.  From  the  fossil  remains  of  former  geological  periods, 
it  is  safe  to  conclude  that  snch  Conifers  as  Thitjn,  Biiitii,  and  the  various 
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Junipers,  that  now  have  scale-like  compressed  leaves,  have  been  derived 
from  Conifers  with  needle-shaped  leaves.  This  conclusion  is  further 
confirmed  by  the  fact,  that  on  the  young  plants  of  the  scaly-leaved 
Conifers  typical  needle-shaped  leaves  are  at  first  developed.  The 
modified  leaf  forms  do  not  make  their  appearance  until  the  young 
plant  has  attained  a  certain  age,  while  in  some  Junipers  needle-shaped 
leaves  are  retained  throughout  their  whole  existence.  Even  still  more 
instructive  are  the  Australian  Acacias,  whose  leaf -stalks  become 
modified,  as  phyllodia  (p.  35),  to  perform  the  functions  of  the  reduced 
leaf- blades.  The  proof  for  such  an  assertion  is  furnished  by  a 
germinating  plantlet  of  Acacia  pycnantlia  (Fig.  48),  in  which  the  first 
leaves  are  simply  pinnate,  and  the  succeeding  leaves  bipinnate.  In  the 
next  leaves,  although  still  compound,  the  leaf-blades  are  noticeably 
reduced,  while  the  leaf-stalks  have  become  somewhat  expanded  in  a 
perp>endicular  direction.  At  length,  leaves  are  produced  which 
possess  only  broad,  flattened  leaf -stalks.  As  many  other  species  of 
this  genus  are  provided  only  with  bipinnate  leaves,  it  is  permissible 
on  such  phylogenetic  grounds  to  conclude  that  the  Australian 
Acacias  have  lost  their  leaf-blades  in  comparatively  recent  times,  and 
have,  in  their  stead,  developed  the  much  more  resistant  phyllodes 
as  being  better  adapted  to  withstand  the  Australian  climate.  The 
appearance,  accordingly,  of  the  phyllodes  at  so  late  a  stage  in  the 
ontogenetic  development  of  these  Acacias  is  in  conformity  with  their 
recent  origin.  It  may,  in  like  manner,  be  shown  that  in  the  case  of 
plants  with  similarly  modified  leaf  forms,  the  metamorphosis  of  the 
leaves  does  not  take  place  until  after  the  cotyledons  and  the  first 
foliage  leaves  have  been  developed,  and  it  is  then  usually  effected 
by  degrees. 


II.  INTERNAL  MORPHOLOGY 

(Histology  and  Anatomy) 

The  Cell 

All  plants,  as  all  animals,  are  composed  of  elementary  organs 
called  cells.  In  contrast  to  animal  cells,  typical  vegetable  cells  are 
surrounded  by  firm  walls,  and  are  thus  sharply  marked  off  from 
one  another.  In  fact,  it  was  due  to  the  investigation  of  the  cell  walls 
that  the  cell  was  first  recognised  in  plants.  An  English  micrographer, 
Robert  Hookk,  was  the  first  to  notice  vegetable  cells.  He  gave  them 
this  name  in  his  Micrographia  in  the  year  1G67,  because  of  their 
resemblance  to  the  cells  of  a  honeycomb,  and  published  an  illustration 
of  a  piece  of  bottle-cork  having  the  appearance  shown  in  the  adjoining 
figure  (Fig.  49).     Robert  Hooke,  however,  was  only  desirous  of  ex- 


hilnting  by  mesins  of  different  objects  tbe  capabilities  of  hia  microscope  ; 
consequently,  the  Italian,  Marcello  Malpigki,  aud  the  EiigliBhinau, 
Nkheuiah  Grkw,  whose  works  appeared  almost 
simultaneously  a  few  years  after  Hooke's  Micro- 
•jniphia,  have  been  regarded  as  the  founders  of 
vegetable  Histology.    The  living  contents  of  the 
cell,  the  real  body  or  substance,  was    not  re- 
cognised in  its  full  aignilicance  until  the  middle 
of  the  present  century.    Only  then  was  attention 
turned  more  earnestly  to  this  study,  which  bus 
since  been  so  especially  advanced  by   Mkykn, 
ScHLEroEN,  Hugo  v.  Mohl,  Nagkli,  Ferdi- 
''"H»Krt"''niMta.Xr  It  NAND  CoHN,  Pkingsheim,  and  Max  Schultzk. 
botciemork,  wbii^ii  he  en-  If  an  examination  be  made  of  a  thin  longi- 

titied  scheioatimi  or  tii-  t,i(\j|]a|  aection  of  the  apex  of  a  stem  of  a  phanero- 
gamic plant,  with  a  higher  magnifying  power 
than  that  used  in  the  prei-ions  investigation  (Fig.  17)  of  the  vegetative 
cone,  it  will  be  seen  that  it  consists  of  nearly  rectangular  cells  (Fig.  fiO), 

which  are  full  of  protoplasm  and  separated 

from  one  another  by  delicate  walls.  In 
each  of  the  cells  there  will  be  clearly  dis- 
tinguishable a  round  body  (li),  whicli  fills 
up  the  greater  part  of  the  cell  cavity. 
This  body  is  the  cell  NUCLEUS.  If  sections, 
made  in  different  directions  through  the 
vegetative  cone,  be  compared  with  one 
another,  it  will  be  seen  that  its  component 
cells  are  nearly  cubical  or  tabular,  while 
the  nuclei  are  more  or  less  spherical  or 
disc-shaped.  The  finely  granular  substance 
(ci/)  fiiling  in  the  space  between  the  nucleus 
(it)  and  the  cell  wall  (in)  is  the  CELL  PLASM 

or  CYTOPLASM.    Recent  investigations  have       ^ 

shown  that  two  extremely  small,  colourless 

bodies  lie  in  the  cytoplasm,  near  the  nucleus.  These  are  the 
CEXTROfiPHEREs  or  ATTRACTION  SPHERES  (c.*).  In  addition  to  these 
there  are  to  be  found,  about  the  nucleus,  an  indefinite  number  of 
somewhat  larger  bodies,  which  are  also  colourless  and  highly  refrac- 
tive ;    these    are    the    pigment -bearers    or    fHROMAToPHORES    (cA). 

NUCLKCS,  CENTROSPHERES,  CYTOPLASM,  and  CHROMATOPHORES,  CON- 
STPrUTK  THE  ELEMENTS  OF  THE  LtVING  BODY  OF  A  TYPICAL  VEUBTABLB 

CKLt..  To  designate  all  these  collectively,  it  is  customary  to  use  the 
term  Protoplasm,  which  is  then  to  he  understood  us  including  all 
the  living  constituents  of  a  cell. 

Protoplasm  does  not  show  the  same  degree  of  internal  difTerenlia- 
tion  in  all  vegetable  organisms.     The  protoplasm  of  the  Fungi  has  no 
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t  ehromatophorea.     In  the  protoplasm  of  the  lowest  plants,  the  Fiasioii 
[  plants  or  the  SchizophyteB,  the  iuternal  differentiation  does  not  eeem 
[  to  have  progressed  to  the  same  extent  as  iu 
I  the  mure  highly  organised  plants. 

The  protoplasm  of  animal  cells,  on  the 
her  hoikd,  is  devoid  of  chronnitophoreB. 
'  While  animal  cells  usually  remuin  continuously 
filleil  iritii  protoplasm,  vegetaltle  cells  soon 
form  large  sap  cavities.  It  is  only  the 
t>mbryonic  cells  of  plants  that  are  entirely 
filled  with  protoplasm,  as  the  cells,  for  ex- 
mple,  of  an  ovule  or  of  a  growing  point; 
lihey  nflerwards  Iwcome  larger  and  contain 
proportionally  less  protoplasm.  This  can  he 
in  any  longitudinal  section  through  a 
«m  &pex.  At  a  short  distance  from  the 
rowing  point  the  enlarged  cells  have  already 
ggun  to  show  cavities  or  VACUOLES  {v  in  .4, 
Fig.  51)  in  their  cytoplasm.  These  are  filled 
fwitb  a  watery  fluid,  the  cell  sai'.  The  cells 
i*ontiniie  to  increase  in  size,  and  usually  soon 
;mu:h  a  condition  in  which  their  whole  central 
iportion  is  filled  by  a  single,  large  sap  cavity 
rin  S,  Fig.  51).  This  is  almost  always  the 
s  wlieii  the  increase  In  the  size  of  the  cell 
Sm  cousiderahle.  The  cytoplasm  then  forms 
only  a  thin  layer  lining  the  cell  wall,  while 
*e  nncleiis  takes  a  parietal  position  in  the 
ripheral  cytoplasmic  layer.  At  other  limes, 
iwever,  the  sap  cavity  of  a  fully -developed 
iell  may  be  traversed  liy  bands  and  threads 
cytoplasm ;  and  in  thjit  cose  the  nucleus 
» suspended  in  the  centre  of  the  cell.  But 
rhatever  iMtsition  the  nucleus  may  occupy,  it 
k  always  embedded  in  cytoplasm  ;  and  there 
I  always  an  unbroken  peripheral  layer  of 
^plnsm  lining  the  celt  wall.  i 

This  cytoplasmic  peripheral  layer  is  in  con- 
ict  with  the  cell  wall  at  all  points,  and,  so  long 
■  the  cell  remains  living,  it  continues  in  that 
omlition.  In  old  cells,  however,  this  cyto- 
plasmic layer  frequently  becomes  so  thin  as  to       

escape  direct  observation,  and  is  not  perceptible 

niitil  somo  dehydrating  reagent,  which  causes  it  to  recede  from  the  wall, 
ha*  been  employed,  ijuch  a  thin  cytoplasmic  |)priphenil  layer  has  been 
I  described  by  Hirim  v.  Muin,  under  the  name  of  rRi.MoitutAL  utbiui.b. 


(V,  cytajilmun;  r,  rxcuulca. 
i¥Iirr<Hnt«l  Iu  B  by  Ih«  a|i 
(SVity.     (SulllDHlut  -iligniii- 
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As  a  rule,  every  living  vegetable  cell  has  a  nucleus. 

Dead  cells  lose  their  living  protoplasmic  contents,  and,  strictly 
speaking,  should  no  longer  be  termed  cells,  although  the  name  was  first 
a])plied  to  them  when  in  that  condition.  In  reality  they  represent 
only  cell  cavities.  With  their  death,  however,  cells  do  not  lose  their 
importance  to  a  plant.  Without  such  cell  cavities  a  plant  could  not 
exist,  as  they  perform  for  it  the  office  of  water-carriers,  while  at  the 
same  time  exercising  other  functions.  The  necessary  rigidity  of  a 
plant  is  also  dependent,  to  a  great  extent,  on  the  mechanical  support 
afforded  by  a  framework  composed  of  dead  cells.  Thus  the  heart  of 
a  tree  consists  exclusively  of  the  walls  of  dead  cells. 

The  Protoplasm. — We  naturally  begin  with  that  substance  which 
constitutes  the  living  plant  body,  the  Protoplasm,  also  more  shortly 
designated  the  Plasma.  In  order  to  facilitate  an  insight  into  the 
real  character  of  protoplasm,  attention  will  first  be  directed  to  the 
Slime  Fungi  or  fungus  animals  {MyxomyceUs),  a  group  of  organisms 
which  stand  on  the  border  between  the  animal  and  vegetable  king- 
doms. These  Myxomycetes  are  characterised  at  one  stage  of  their 
development  by  the  formation  of  a  Plasmodium,  a  large  naked  mass 
of  protoplasm. 

The  Plasmodium  is  formed  from  the  protoplasm  of  the  spores. 
These  spores  are  unicellular  bodies  (Fig.  52,  a,  h),  filled  with  cytoplasm, 
in  which  lies  a  central  nucleus,  and  are  surrounded  by  tenacious  cell 
walls.  The  spores  germinate  in  water,  their  contents,  breaking  through 
the  spore  walls,  come  out  {<%  d)  and  round  themselves  off.  A  change 
of  form  soon  takes  place ;  the  protoplasmic  mass  elongates  and  assumes 
somewhat  the  shape  of  a  pear,  with  the  forward  end  prolonged  into  a 
fine  whip-like  process  or  flagellum  {e,  /,  g).  Thus  the  contents  of  the 
spore  have  become  transformed  into  a  swakm-spore,  which  now  swims 
away  by  means  of  whip-like  movements  of  its  flagellum. 

In  juldition  to  the  nucleus,  which  is  visible  in  the  front  end  of 
every  swarm-spore,  a  vesicle  may  be  seen  at  the  other  end,  which,  aft^r 
gradually  increasing  in  size,  suddenly  vanishes,  only  to  swell  again 
into  view.  This  vesicle  is  a  contractile  vacuole.  The  presence 
of  such  a  contractile  vacuole  in  an  organism  was  formerly  considered 
a  certain  indication  of  its  animal  nature.  Now,  however,  contractile 
vacuoles  have  been  observed  in  the  swarm-spores  of  many  green  Algae, 
of  whose  vegetable  nature  there  can  be  no  doubt. 

The  swarm-spores  of  the  Myxomycetes  soon  lose  this  characteristic 
swarm -movement,  draw  in  their  flagella,  and  pass  into  the  amoeba 
stage  of  their  development,  in  which,  like  animal  amceba?,  they  assume 
irregular,  constantly  changing  shapes,  and  are  capable  of  performing 
only  amceboid  creeping  movements.  In  the  case  of  Chondrioderma 
diffontie,  a  Myxomycete  of  frequent  occurrence  in  rotting  parts 
of  plants  (Fig.  52),  a  number  of  the  amoiba^  eventually  collect 
together  (/)  and   coalesce.      In  this  way,   as  is  also  the  case  with 
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most  other  Myxomycet€S,  the  amftbfe  ultimately  give  rise  to  a  plaa- 
niotliiim  (ii). 

Although  each  one  of  the  amo?bfe  is  so  small  that  it  can  only  be  seen 
with  the  aid  of  a  microscope,  tlie  plasmodiiim  into  which  they  become 
united  may  attain   a  size  large  enough  to  be  measured  in  centimetres. 


Iti  a  single  ama-ba  of  the  Myxomycetes,  and  still  bettor  in  a 
Plasmodium,  it  can  be  seen  that  the  fundamental  substance  of  the 
cytoplasm  is  hyaline  and  viscid.  Tliis  fundamental  substance  is  called 
HYALOPLASM.  The  hyaloplasm  is  denser  on  the  surface  of  the  Plas- 
modium, entirely  free  from  granules,  and  forms  a  homogeneous  superficial 
layer,  sometimes  referred  to  as  the  PK<rr(jPLASMli:  MKMBKANE.      In  the 


interior,  on  clie  other  hnnd,  the  iiyaloplasm  is  thin  and  fluid-like,  it 
contains  numerous  granules,  and  is  then  designated  GRANULAR  PLAsm. 
In  the  granular  plasm  will  be  found  the  nuclti  of  the  various  amcebx 
from  which  tlie  plnsmodium  has  been  formed. 

The  granular  plasm  of  plasmodia  exhibits  Etreaming  movements,  aa 
of  different  commingling  currents,  and  affords  a  good  example  of  the 
internal  movementB  commonly  shown  by  living  protoplasmic  maasea. 
Thus,  in  addition  to  the  flac;ell.ir  or  ciliary  uovemen'ts,  by  means 
of  which,  as  was  observetl  in  the  swarm-spores  of  V/wndrioiienim,  a 
change  of  position  is  effected  through  the  whip-like  motion  of  finr 
cytoplasmic  threads,  and  the  creeping  am<eboiq  movI'MEnts,  such 
as  were  also  exhibited  by  Chrondriodertim  in  tlie  amceba  stage  of 
its  development,  there  may  also  be  recognised,  as  in  the  case  of  the 
plasmoilium,  intkrnai.  protoplasmic  movements.  A  plasmodium  is 
also  c.ipable  of  creeping  movements.  It  sends  out  new  protrusion?, 
and  draws  in  others  previously  formed.  If  two  protrusions  meet, 
they  unite  to  add  a  new  mesh  to  the  network  of  the  plasmodium  (n, 
Fig.  5'2).  The  viscous  structureless  superficial  pellicle  of  hyaloplasm 
exhibits  only  creeping  movements,  while  internal  protoplasmic  move- 
ments also  take  place  in  the  more  fluid  granular  plasm.  Thus  the 
granular  plasm  is  continually  flowing  in  irregular  currents,  alternately 
towards  or  away  from  the  surface  of  the  plasmodium. 

The  Plasmodium  is  able  to  surround  and  take  witliin  itself 
foreign  bodies.  These  are  then  enclosed  in  vacuoles  and,  as  far  as 
possible,  digested.  The  granular  plasm  seems  lo  be  separated  from 
the  vacuoles  by  a  pellicle  of  hyaloplasm,  similar  to  that  on  the  surface 
of  the  Plasmodium. 

Protoplasmic  bodies,  or  protoplasts,  enclosed  by  cell  walls,  likewise 
separate  themselves  by  a  similar  hyaloplasmic  pellicle  from  the  ceH 
walls  and  sap  cavities,  and  all  other  vacuoles.  The  granular  plasm  is 
accordingly  enclosed  on  all  sides  by  hyaloplasm,  while  the  cell  nucleus, 
with  its  centrospheres  and  chromatophores,  always  lies  embedded  in 
the  granular  ])lasm. 

Within  the  walled  protoplasts,  the  granular  protoplasm  often 
exhibits  internal  flowing  movements.  Such  movements  are  especially 
noticeable  when,  by  a  wound,  such  as  might  result  from  u  cut  in 
preparing  a  section,  a  stimulus  is  given  to  the  protoplasm.  In  cells 
in  which  the  protoplasm  forms  only  a  peripheral  layer,  there  may 
frequently  be  observed  a  movement  in  a  continuously  circling  direction; 
this  is  known  as  rotatio.v.  If.  however,  the  sap  cavity  is  penetrated  1 
by  bands  or  threads  of  cytoplasm,  the  motion  will  generally  he  of  J 
that  kind  known  as  ('IR(;olation,  in  which  case  the  currents  of  prato-  T 
plasm  move  in  separate  courses  with  different  and  frequently  cban^  I 
ing  directions.  Hotation  is  the  more  frequent  form  of  protoplastle  I 
movement  in  the  ceils  of  water-plants,  while  in  land  plants  circulotico  J 
is  generally  the  rule. 
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A  [itrtioaUrly  (avoumble  object  for  the  rtudy  of  ].roto[iU«m  iu  circulation  ia 
lonltHl  liy  the  Btaniiual  liairs  of  TnuUtcatilia  m'ririnica.  In  each  cell  (Fig.  53) 
m\i,  Dae  currents  of  proto|iUnn  flow  iu  dJIforent  directions  In  the  {irriphenl 
toiilwRtio  layer,  m  well  as  in  the  oytoplnaniic  threads,  which  iwnetrato  the  e«p 
These  cytoplasmic  threads  gradually  ohauge  their  I'urrn  and  stmvture,  and 
IS  altvr  the  position  of  the  t-ell  nuclens.  Tliv  lajere  of  hyalo[ilBsm  sejiatating 
B  granalar  plaxm  from  the  cell  walls  and  the  internal  an])  cAviUes  du  not,  in  all 
•••■,  take  l»rt  in  any  of  these  circulatory  movemeuts. 

n  the  pTotnplaam  ia  in  rotsitioii,  the  cell  nucleus  and  chmmatophOTes  ore 

uUy  carried  along  by  the  current,  yet  there  may  be  an  onter  layer  of  granular 

wliicli  renitiiu  motionless  and  retains  the  chromatophores.     This  is  th«  case 

I  the  Stoneworts  ICAaraeeae),  n'hose  loug  internodal  cells,  eB|>euis]|y  in  the 

t  .Vitella,  afford  good  esamples  of  well-marked  rotation. 


Active  cytoplasm  is  a  viscous  substance.     Deprived  of  its 

M>nent  water  it  lioconieB  hanl  anil  tenacious,  and, 

ritlioiit  losing  its  vitality,  it  ceases  to  perfoi-m  any 

its   viuil   functions   until   again   awakened   into 

tivity  by  a  fresh  supply  of  water.      In  case  of  a 

ircity  of  water  the  plasmodia   of  the  Myxomy- 

ntes  may  form  s<.tleiiotia,  that  is,  masses  of  rest- 

Itag  [irotoplasm  of  an  almost  wax-like  consistency. 

Months  and  indeed  sometimes  years  aflerwanis,  it 

is  {Kiasible  from  such  sclerotia,  if  water  V*  jiroperly 

supplied,  to  again  produce  motile  plasmwlia.    Siini- 

luly,  in  seeds  kept  for  a  long  time,  the  proto- 

1  consoHdat«s  into  a  hard    maaa,   which  may 

9  easily  cut  with  a  knife,  while  the  miclei  will 

I  found  to  have  shrunk  and  lost  their  original 

lapc.       Nevertheless    tlie    protoplasts,    afttr    ab- 

irbing  water,  may  return  again  to  a  condition  of 

rtivity. 

Protoplasm  ia  not  a  simple  substance  chemically ; 
t  constHta  i-ather  of  different  components,  which 
flubject  to  coutinnal  change  and  in  a  state 
E  matual  reaction.  Treated  as  a  uniform  mass, 
totopUsm  always  gives  a  proteid  reaction  ;  when 
Ktneratod,  fumes  of  ammonia  are  given  off. 


.l>«inlla     HrnialHi 
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Antiv*    [irotoplimni    guni^rHlly   giviw    an    alkaliiia,    and,         '"' 
tdar   c<Tlain   conditians,   a   neutral    reaction,   but   never 

I  aeld   one.     The   protApUsiu  of  the  higher  pUnta  coagulates  at   a   temiwra- 

t  much  oyer  60°  C,,  in   the  Schiiophytos,  however,   usually  not   below 

In  •  etate  of  inactivity,  as  in  spores  and  weds,  it  can  endure  a   iittll 

r  tomperatur*    without    coagnlating ;   when   cooguhitiuu    hag    once    taken 

,  death   emracH.      The  s]K>rv8  nf  many  Bacteria  can  withstand   a   tenijiera- 

■B  a*  high  as  106"  C,     Treat^^d  with  alcohol  or  ether,  or  with  acids  of  definite 

nri]Ir«Uon>,   with    bichn)Uiati>>   of  the  alkali   nietals,  or  with  corrosive   Hub- 

:opUi>in  '[iiichly  coagulntvs,  whili>  at  thi*  Harne  tinli>  innoluhle   proteid 
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compounds  are  formed.  Coagulating  reagents,  accordingly,  play  an  im|)ort4int  i>art 
in  microscoj)ic  technique  ;  of  e.s[M?eial  value  are  such  which,  while  fixing  and 
hardening  the  protoplasm,  change  its  structure  in  the  least  degi-ee.  As  a  ilxing 
and  hardening  reagent  for  vegetable,  tissues,  alcohol  is  |)articularly  serviceable  ; 
under  certain  conditions,  sublimate  alcohol,  or  1  to  2  per  cent  formaldehyde. 
For  animal  cells  and  for  the  lower  plants,  1  per  cent  chi'omic  acid,  1  |)er  cent 
acetic  acid,  0*5  to  1  i)er  cent  osmic  acid,  concentrated  picric  acid,  or  corresponding 
mixtures  of  these  acids,  and  also  formaldehyde,  are  used  for  the  same  purpose. 
Iodine  stains  protoplasm  brownish  yellow  ;  nitric  acid,  followed  by  caustic  ^wtasli, 
yellowish  brown  ;  sulphuric  acid,  if  sugar  be  present,  rose  red.  Acid  nitrate  of 
mercury  (Millon's  reagent)  gives  to  protoplasm  a  brick-red  colour.  Treated  with 
copper  sulphate,  followed  by  caustic  potash,  protojilasni  is  coloured  violet ;  with 
an  aqueous  or  alcoholic  solution  of  alloxan,  red.  '  Aromatic  aldehydes  in  the 
presence  of  a  reagent  for  effecting  condensation,  such  as  sulphuric  or  hydrochloric 
acid,  and  an  oxidising  substance  or  a  higher  chloride,  also  produce  in  protoplasm 
characteristic  colour  reactions  ;  thus,  benzaldehydo  gives  a  blue-green  to  blue  ; 
piperonal,  a  violet-blue  ;  vanillin,  a  violet  or  violet-blue  reaction.  Protoplasm  is 
soluble  in  dilute  caustic  potash  and  also  in  eau  de  Javelle  ( potassium -hyiH>- 
chlorite),  and  accoixlingly  both  of  these  reagents  may  be  recommended  for  clearing 
specimens,  when  the  cell  contents  is  not  to  be  investigated.  All  of  the  above- 
mentioned  reagents  kill  protoplasm  ;  until  they  have  done  so,  their  characteristic 
reactions  are  not  manifested.  In  their  greater  or  less  resistance  to  the  action  of 
solvents,  in  the  degree  of  their  sensitiveness  to  reagents,  and  in  the  intensity  of  the 
reactions,  the  various  constituents  of  protojilasm,  cytoplasm,  nucleus,  centrospheres, 
and  chromatophores  differ  from  one  another,  and  thus  a  means  of  determining 
their  component  substances  is  afforded.  Accordingly  a  large  number  of  albuminous 
bodies  or  albuminates  have  been  named  which  are  said  to  enter  into  the  comiKwi- 
tion  of  living  protoplasm.  It  is  worthy  of  note  that  these  eomjwunds,  although 
still  for  the  most  part  not  fully  determined,  all  contain  phosphorus.  Such  as  are 
pecidiar  to  the  nucleus  have  been  comprehended  under  the  term  ni'clein.  Stain- 
ing reagents  have  also  become  an  imj)ortant  help  to  microscopic  investigations  for 
determining  the  comj>osition  of  protoplasm.  This  is  due  to  the  fact  that  the 
different  constituent^^  of  protojJasm  take  uji  and  retain  the  stain  with  different 
degrees  of  intensity  and  energy.  As  a  general  rule,  only  coagulated  protoplasm 
can  absorb  colouring  matter,  although  some  few  aniline  stains  can,  to  a  limited 
extent,  permeate  living  protoplasts.  For  staining  vegetable  protoplasts,  which 
have  been  previously  hardened,  the  various  eannines,  lipeimatoxylin,  iodine  green, 
acid  fuchsin,  eosin,  methylene  blue,  and  aniline  blue,  have  been  found  particularly 
convenient.  The  different  components  of  the  protoj»lasm  absorb  the  stains  with 
different  intensities,  and,  when  reagents  are  employed  to  remove  the  colouring 
matters,  they  exhibit  differences  in  their  power  to  retain  them.  The  nucleus 
generally  becomes  more  intensely  coloured  than  the  rest  of  the  protoplasm, 
especially  a  juirt  of  its  substance,  which  is  therefore  called  Chromatin.  The 
chromatin,  moreover,  is  not  aflected  by  gastric  juices  nor  by  solutions  of  pepsin 
containing  hydrochloric  acid,  although  both  cytojjlasm  and  chromatophores  are 
at  once  digested  by  them.  On  the  otlu*r  hand,  with  a  trypsin  solution,  chromatin 
is  quickly  dissolved.  In  addition  to  those  substances,  which  are  to  be  regarded 
as  integral  jiarts  of  active  protoplasm,  it  always  includes  derivative  products  of 
albuminates,  particularly  amides,  as  asi>aragin,  glutamin ;  also  ferments,  as 
diastase,  pepsin,  invertin  ;  at  times  alkaloids,  and  always  carbohydrates  and  fats. 
The  ash  left  after  incineration  also  shows  that  protoplasm  always  contains  mineral 
matter,  even  if  only  in  small  (juantities.     All  substances  which,  as  such,  do  not 
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dinvtly  intn  tlic  uomjioiiitiuii  of  ]ircito)iUsni,  but  am  only  iuc!ii<l«d  witliiti  it, 
■rr  dtsigiintfit  ('}'  tlie  ttnii  Mf.taj'uakji. 

The  Cytoplasm. — In  describing  the  cytoplasm  of  the  plasmodia  of 
the  Myxomycetes  and  of  the  walled  proloplaata  of  vegetable  cells, 
mention  baa  been  made  of  a  hyaline  fiuidamental  aulntaiice,  the 
byalophum,  which  forms  a  GuperRcial  layer  on  the  surface  of  the  cyto- 
|i]asm  entirely  free  from  grnnules,  while  in  the  interior,  as  granular 
]>lasni,  it  incbidea  graimUr  matter,  The  cytoplasm  was  likewise 
shown  to  be  a  viscous  substance,  in  which  internal  streaming  move- 
ments of  the  particles  take  place,  while  at  the  same  time  its  superficial 
kyer  of  hydoplasm  remains  unchanged.  In  accordance  witli  its 
Tiscous  fluid  character,  cytoplasm  possesses  certain  physical  peculi- 
arities. If  cells  full  of  pi'otoplasm  be  opened  under  water,  the  out- 
flowing cytoplnsm  assumes  the  form  of  a  drop. 

The  cytoplasm  in  the  cells  of  many  Algae  has  a  structure  resembling 
that  of  foam,  while  in  the  higher  plants  it  is  no  less  distinctly  fibrillar 
in  structure,  and  composed  of  protoplasmic  threads.  In  both  cases 
the  chambers  or  spaces  enclosed  by  the  foam-like  or  thread-like 
cytoplasm  are  filled  with  solutions  of  various  aubstaiiees.  All  the 
granular  inclusions  lie  in  the  cytoplasm,  either  in  the  walls  of  the 
C^tojilasmic  chambers  or  in  the  cytoplasmic  threads. 

The  small  granules  which  are  never  absent  from  the  granular 
plasm,  and  give  to  it  its  name,  are  called  microsomes.  As  they  show 
different  chemical  reactions,  it  is  inferred  that  the}'  have  also  diRerenl 
chemical  organisations.  Sometimes  they  appear  to  be  vesicles  filled 
with  liquid,  and  are  then  termed  PHYSUDES.  In  the  cells  of  many 
Algae  such  vesicles  attain  a  considerable  size,  and  undergo  modifica- 
tions of  their  shapes. 

Ijiige  vesicles  or  vacuoles  filled  with  watery  solutions  are  found 

the  cytoplasm.  The  cytoplasm  separates  itself  from  such  vacuoles 
na  of  a  protoplasmic  membrane  or  pellicle  of  hyaloplasm, 
10  sap  cavities  in  the  cells  of  the  more  highly  organised  plants  are, 

this  sense,  merely  large  vacuoles.  The  protoplasmic  membranes 
'hich  surround  the  vacuoles  are  particularly  tenacious  of  life ;  thus 
tlie  other  cytoplasm  of  a  cell  has  been  killed  with  a  10  per  cent 
ilutlon  of  saltpetre,  the  walls  of  the  vacuoles  will  still  continue 
living.  As  the  pressure  of  the  cell  sap  is  controlled  by  these  living 
vacuolar  membranes,  H.  de  Vriks  has  given  them  the  name  tono- 
fuufia.  Through  the  division  of  the  cytoplasm  its  tonoplasts  may 
plwcome  bisected,  and  in  this  way  multiply.  On  the  other  hand,  a 
cingle  large  vacuole  may  result  from  the  fusion  of  several  smaller 
It  has  also  been  demonstrated  by  PFEl^Elt  that  new  |M>llicular 
membranes  may  be  formeil  around  liquid  substances  in  the  cytoi)lasm. 

The  Cell  Nucleus. — The  nucleus  is  in  all  cases  fibrillar  in  struc- 
ture. It  appears  to  be  made  up  of  threads  twisted  together  and 
forming    an    anastomosing    network    (Fig.    fi-t),    which,    however,  in 


living  objects  cnn  only  be  dlBtinguished  by  the  punctated  appearance  it 
•,'ives  to  the  nucleus.     Streaming  movements  do  not  take  place  witliin 
the  nucleus.     An   insight  into   the  nuclear 
structure  is  only  to  be  attained  with  the  help 
of  properly  tixed  and  stained  preparations.    It 
is  then  possible  to  determine  that  the  greater 
part  of  this  nuclear  network  is  composed  of 
delicate   and,    for  the    most    part,    unstained 
threads,  in  which  lie  deeply  stained  granules. 
The  substance  of  the  threads  has  been  distin- 
guished as  LININ  (/)j  that  of  the  granules  as 
CHROMATIN  (i-h).      One  or  more  large  nucleiar 
bodies,  or  nucleoli   (n),    occur  at    the  inter- 
thf  iieveiopcng  eiMiMpenu  or  sections  of  Bome  of  the  linin  threads  which, 
FHiuiaria  impfrtuH.,  ii«ni.  although  deeply  stained,  have  not  taken  the 
rami  with  nicohoUndBUinwi  jj  j         jj^     chromatin   granules.     Tlie 

with  (wrnnln.    I,  LinlnTc*i  ,  <■       1  1  !■  ■  i_-  i_ 

chtDuutin :  H,  nueltolua;  w,   network    of    the    nucleus     lies    withui    the 

iiiitlBir  riMuibniiet  e.  cou-  NiTCLEAR  CAVITY,  which  is  filled  with  nuclear 

mminluc  xioooT    ^  '"^P    ^"''    si"''''""'*^^*'    ^y  a    membrane    (w). 

Although  this  is  generally  spoken  of  as  the 

nuclear  membrane,  strictly  speaking  it  is  a  part  of  the  snrroniiding 

cytoplasm,  and  is  the  protoplasmic  layer  or  pellicle  with  which  the 

cytoplasm  separates  itself  fioni  the  nuclear  cavity. 
The  Cenlrospheres, — The  existence  of  these  l>odies, 

ticknowleilged  in  animal    cells,    is  generally   ad- 
mitted in  the  case  of  all  vegetable  cells,  although 

their  demonstration   has  not,  in  all  cases,  been 

successful.     They  foi-m,  as  GlTCNABli  in  ]>nrii- 

cular  has  shown,  two  small  homogeneous  sphenis 

lying  near  the   nucleus   and    embedded    in    the 

cytoplasm.     Each  centrosphere  has  in  its  centre 

a  body  termed  the  CKNTROSOMK  ('■,  tigs.  50,  54), 

composed  of  one  or  more  small  grannies.      As 

the  successful  fixing  and  staining  of  the  centro- 

spheres  in  vegetable  cells  require  extreme  care, 

their    detection    in    the    granular    cytoplasm    is 

rendered  difficult. 

The   Chromatopbores. —  In   the   embryonic 

cells  of  growing  points,  where  the  chrom atop h ores 

(Fig.  50,  cA)  are  principally  located  around  the 

nucleus,  they   first  appear    as  small,   colourless, 

highly  refractive  bodies  ;  and  in  the  embryonic 

cells    of    ovules    they    have    a    similar    appear- 
ance.     They  may  retain  the  same  aj>iJearance  in 

older  cells  (Fig.  104,  ^/,  I),  but  in  them  they  also  attain  a  further 

development.     Chlouoplasts,  i.Efcof lasts,  or  cimoMOPLAsTS  may 


«dly 
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lite  developed  from  a,  similar  original  sub&tance ;  tliey  are  all  included 
tlie  one  terra,  CHKOMAI oi'HORKs. 

In  parts  of  plants  which  are  exposed  tn  the  light  the  chromato- 
phores  usually  develop  into  chloropiiyll  bodies  or  cm.oRurLAsTa  These 

jenerally  green  granules  of  a  eomewhat  flattened  ellipsoidal  shape 
{Fig.  55),  and  are  scattered,  in  great  numbers,  in  the  parietal  cytoplasm 
of  the  cells.  All  the  chloroplasts  in  the  Comiopliytes  and,  for  the  most 
p>rt  nlso,  in  the  green  Thallophytes  present  this  aanje  granular  form. 
In  the  lower  Algae,  however,  tlie  chlorophyll  bodies  may  assume  a 
bond-like  (Fig.  235),  stellate  or  tabular  shape.  The  fiindainental 
•ulisiance  of  the  chlorophyll  bodies  is  itself  colourless,  but  contains 
numerous  coloured  drops,  which  are  termed  grana.  These  consist 
of  sin  oleaginous  substance,  which  holds  ^-arious  pigments  in  solution  ; 
green,  known  as  chlorophyll  or  chlorophyll-green ;  a  yellow,  called 
xanlhophyll ;  and  a  reddish  orange,  termed  carotin.  These  colouring 
■abstances  may  be  extracted  hy  means  of  alcohol,  leaving  only  the 
colourless  plasmic  substance  of  the  ciilorophyll  body  remaining. 

ic  Fuiut  way  in  ivliicli  a  solution  ofchloropliyl!  (an  be  propar«I,  ia  to  es;tr»ut 

|Lt>  chlorophyll  by  raeanB  of  alcoliol  from  greea  leaves  tliat  liave  been  prerioualy 

boiled  in  natcr.      The  greon  chlorophyll  pignieut  ia  also  soluble  in  ether,  &tty 

111   vthnrcal  oilx,   pan&liie,   peD'oleum,  and  vurbiin   diHiilphtd^.      The  alcoholiu 

llutiotu   appear   green  in  transmitted  light ;   blood   red   in  reflected  light,  on 

«mnut  i>r  fluorescence. 

If  a  ray  of  minlight  be  made  to  [laaa  tliroiigh  a  tolerably  thick  layer  of  an 
oahotic  eotutiou  of  thlwoiihjll,  and  tlii'n  liec-omiKiswl  by  a  primii,  thi'  ii'iiillting 
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•ctrtrai  will  «how  seven  absorption  bands  (Fig.  M).     The  darkest  band  extends 

n  Ftut^HHorsK's  line,  B,  to  aome  distance  beyond  the  line  C.     The  other  bandx 

e  lies  between  (7  and  P,  another  near  D,  anil  one  near  E, 

*  tb*  other  three  banda  are  broader  and  cover  almost  the  vhole  blue  half  of 

la  ^MBctrum. 

If  bentule  bo  added  to  an  uleoholic  solutiou  of  chlorophyll,  pro]»red  aa  directed 

•,  and  tlie  niijitrire,  after  Ueiug  well  sliaken,  ia  allowed  to  nettle,  the  bvnmle 

U  bo  founil  tn  have  taken  up  the  ohlomphyll  [ligment  and  the  carotin,  while  the 

Bthophyll  will  bi'  left  in  the  alcohol,  and  will  collect,  as  a  yellow  noliition.  in  a 

'rlxlnw  tlie  gre.-ii  hi^nwle.     The  nmnuiit  of  chloroi)hyll  in  a  green  plant  is 


ver;  itiinill.  Tsi.'Ull[[.'U  lias  calculated  that  out  of  a  square  metre  of  green  foliage 
leaves  only  from  01  to  02  grains  of  chlorophyll  catt  he  obtained.  Acida  decompose 
chlorophyll ;  contact  even  trith  the  acid  eel!  sap  is  sulfleient  Ui  change  the  colour 
of  the  ciilorophyll  bodies  to  a  brownish  green.  It  is  due  to  this  fact  tliat  a  plant 
turns  brown  when  dried. 

The  green  colour  of  the  chlorophyll  in  some  groupa  of  Algae  is 
more  or  less  masked  by  other  pigments.  In  addition  to  the  chlorophyll 
green,  with  its  accompanying  yellow  and  orange-red  pigments,  many  of 
the  blue-green  fv-hkophijcfue  contain  a  blue  colouring  matter,  phyco- 
cyanio  ;  the  l)roivn  Algae,  a  brown  pigment  called  phycophiein  ;  while 
the  red  Algae  possess  a  red  pigment  termed  phycoerythriii.     These 


pigments,  whicli  are  peculiar  to  Algae,  are  soluble  in  water,  and  are 
characterised  by  a  beautiful  fluorescence.  The  phycocyanin  raaj'  often 
be  found  as  a  blue  border  surrounding  a  blue-green  Fission-Alga 
which  has  been  dried  in  a  press.  Red  seaweeds  washed  up  by  the 
ocean  soon  become  green,  as,  owing  to  tJie  rapid  decomposition  of  the 
pjiycoerythrin,  the  chlorophyll  is  no  longer  concealed. 

Before  leaves  fall  in  the  autumn,  their  cells  lose  almost  all  of 
tlieir  cytoplasnuc  contents,  and  at  the  same  time  the  chloroi»last9 
undergo  disoi^anisation.  There  remains  only  a  watery  substAnce  in 
the  cell  cavity,  in  which  a  few  oil  globiilea  and  crjstals,  together 
with  a  few  yellow,  strongly  refractive  bodies,  can  be  seen.  Sometimes 
this  liquid  in  the  cell  cavities  becomes  red,  and  thus  imparts  to  the 
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foliage  its  autumnal  brilliftiiey.  In  the  leaves  of  coniferous  trees, 
whkfa  only  indicate  the  approaching  winter  by  nss;iniiiig  a  somenliat 
brownish  tint,  the  case  is  ditferent.  The 
chlorophyll-green  of  their  chloroplastn  changes 
to  a  brownish  green,  but  in  the  following 
spring  regains  ita  characteristic  colour. 

In  such  phanerogamic  t»arasites  or  humus 
plunta  *  OS  are  devoid  of  green  colour,  the 
chloroplasts  either  do  not  develop,  or  the} 
are  wliite,  or  have  only  a  brownish  or  green 
ish  colour.  No  cbromatophores  are  found 
in  the  Fungi. 

In  the  interior  of  planta,  where  light 
cannot  penetrate,  LEUCorLASTs  are  developed 
instead  of  chloroplasts  from  the  nidinionl 
of  the  chromntophorea.  They  are  of  a  densti 
consistency  than  the  chloroplasts,  and  n. 
Minbling  a  flattened  ellipsoid  in  shape,  ai 
often  somewhat  elongated  in  consequence  nt 
enclosed  albuminous  crystals.  If  the  leuci.> 
plasta  become  at  any  time  exposed  to  thu 
light,  they  not  infrequently  change  intti 
chloroplasts.  This  frequently  occurs,  for  ex- 
ample, ill  {lotatoes. 

The  CllROMOPLASTs  of  most  Howera  and 
tmits  arise  either  directly  from  the  rudimentii 
of  colourless  cbromatophores,  or  from  pre- 
viously formed  chloroplasts.  In  shape  the 
ehroraoplasta  resemble  the  ellipsoidal  granules 
of  the  chloroplasts,  except  that  they  are 
usually  smaller ;  or,  in  consequence  of  the 
crystal lisaUon  of  their  colouring  pigment,  they  ] 
usume  a  triangulnr,  tabular,  needle,  or  fan- 
shaped  form  {Figs.  57,  58,  59).  The  colour  of 
the  chromoplasts  varies  from  yellow  to  red, 
•ccording  to  the  jiredominance  of  xanthophyll  •"*"'!  n™"^'  (^  "*"■> 
or  carotin. 

The  name  carotin  has  been  derived  from  the  Carrot  (DuiKim 
C'lmfa),  in  the  roots  of  which  it  is  particularly  abundant  (Fig.  59). 
The  frpquent  crystalline  form  of  the  chromoplasts  is,  in  u  great  part, 
due  to  the  tendency  of  carotin  to  crystallisation,  although  it  may  be 
also  occasioned  by  needle-like  crystals  of  albumen.  Xanthophyll, 
however,  is  never  present  in  the  chromoplasts  except  in  an  amorphous 
condition. 

Hultlnuclear  Celts.  —  While  the  cells  of  the  Cormophytos  are 
almost  exclusively  uninuclear,  in  the  Thaliophytes,  on  the  contrary, 


'lo,  00.— A  cell  or  ''birlnj^oni 
glimtnU'i,  Bird  wttli  I  f»r  cfiit 
chroiiib:  Hid  ■ud  itilDMl  wltli 
curmlnn.    n,  NncLgl;  eh,  shro- 


multinucleur  cells  c 
the  Sipk 


.by. 


iurreqiieat.     In  the  Fungi,  and  in 


f  among  the  Algae,  they  are  the  rule.  The  whole  plant  K 
thus  composed  either  of  but  one  single  multi- 
nuctear  cell,  which  may  bo  extensively  branched 
(Fig.  350),  or  it  may  consist  of  a  lai'ge 
number  of  multiniiclenr  cells,  forming  together 
one  organism.  Tims,  after  suitable  treatment, 
Bovenil  nuclei  may  be  detected  in  the  peri- 
pheral cytoplasm  in  the  cells  of  the  common 
filamentous  fresh-water  Alga  Cladojihom  ffhwe- 
riifa  (Fig.  6,  p.  12)  (Fig.  fiO). 

The  nuclei  of  the  long,  miiltinuclear  cells 
{Fig.  61,  «)  of  fungoid  filaments,  or  HYPHJ; 
and  also  of  many  Siphrnime,  are  characterised 
by  their  dimimitive  size, 

The   Origin  of  the  Living  Elements   of 

Protoplasm.  —  Every  nucleus  in  an   organism 

owes  its   origin  to  the   nucleus  of  the  gerai 

cell  (egg  or  siwre) ;  the  nuclei  of  the  genu 

cells  are  descended  from  the  nuclei  of  previous 

I  generations.     The  spontaneous  formation  of  a 

ine  ituiix  oi  •,  Miuiiirooiii,  nncleus    never    takes    place.       In    the    same 

ew'™!?!™  <xs)ft)'"    ^iuiner,  the  cytoplasm  of  every  organism  is 

derived  from  the  cytoplasm  of  the  germ  cell, 

and,  so  far  iis  is  yet  known,  both  centrospheres  and  chromatophores 

take  their  origin,  each  only  from  it«  owa  kind. 

Nuclear  Division. — Except  in  a  few  limited  caaes,  nuclei  reproduce 
themselves  by  mitotic  or  iNDiRKcr  uivisroN.  This  process,  often 
referred  to  as  karyo  kikes  is,  is  somewhat  complicated,  but  seems 
necessary  in  order  to  effect  an  equal  division  of  the  substance  of  the 
mother  nucleus  between  the  two  new  daughter  nuclei.  In  its  principal 
features  the  process  is  similar  in  plants  and  animals. 

In  vegetable  cells,  the  threads  composing  the  nuclear  network  (p. 
■56)  first  become  thicker  and  correspondingly  shorter  (Fig.  62,  1), 
the  anastomosing  connections  forming  the  meshes  are  drawn  in,  while 
the  thread  itself  straightens  out  and  becomes  less  entangled,  and 
in  consequence  more  easily  distinguished.  At  the  same  time  the 
amount  of  the  chromatin  increases,  and  this  increases  its  capacity  of 
absorbing  stains.  Finally,  the  chromatin  substance  in  the  thread 
becomes  arranged  in  parallel  discs  (j1)  united  by  linin.  The  thread 
itself  then  divides  transversely  into  a  definite  number  of  segments, 
the  CHROMO.soMBS  (2,  3),  which  thereupon  range  themselves  in  a 
plane  in  a  special  manner,  and  form  the  so-called  Nl'fLKAR  PLATE 
(3).  Then,  or  sometimes  before,  the  segments  di^nde  longitudinally 
(4,  fl,  C),  and  the  halves  thus  produced  separate  (»)  from  each  other 
in  opposite  directions  to  foi-m  the  daughter  nuclei. 
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Id  the  meanliiiio  other  definite  prouesses  have  been  taking  place; 
vhile  the  thread  of  the  nuclear  network  has  been  shortening  and  dis- 
«ntaiigling,  the  two  centrosphei-es  (1,  c),  previously  lying  together  close 
to  the  nuclear  membrane,  have  separated  and  taken  np  a  position 
opposite  each  other  (2,  r).  They  constitute  the  poles  of  tlie  division 
figure.  Beginning  at  these  tivo  points,  the  nuclear  membrane  dis- 
appears, anil  the  nucleoli  also  become  more  or  less  completely 
I  diBBolved,  influenced  in  all  probability  by  the  centrospheres.     Spindle 
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FIBRES  then  arise  from  protoplasmic  threads  found  within  the  niick'ar 
rarity,  presumably  with  the  co-operative  activity  of  the  nucleolar 
auUtanve.  The  spindlt:  tibi-es  converge  towards  both  poles  of  the 
division  figure,  and,  viewed  as  a  whole,  they  have  the  form  of  a  spindle, 
While  some  of  the  spiiidle  fibres  extend  uninterruptedly  from  pole  to 
pole,  others  become  connected  with  the  chromosomes.  Through  this 
krrangemeiit  of  the  spindle  fibres,  the  position  of  the  nuclear  plate  in 
the  ot^uatorial  plane  of  the  spindle  figure  is  detei-mined  ;  while  by  the 
contmction  of  the  spindle  fibres  in  connection  with  the  i ' 
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the  longitudinal  halves  of  the  chromosomes  are  drawn  in  opposite 
directions  towards  either  pole  of  the  division  figure  (5,  6,  7).  In  the 
process  of  this  movement  of  the  chromosomes  towards  the  poles,  the 
other  continuous  spindle  fibres  seem  to  serve  as  supports.  Before  the 
chromosomes,  however,  reach  the  poles,  a  division  of  the  centrospheres 
(5),  commencing  with  their  centrosomes,  takes  place,  so  that  two 
centrospheres  are  previously  provided  for  each  new  daughter  nucleus. 

In  the  nuclei  of  vegetable  cells,  the  primary  spindle  fibres  connected  ^lith  the 
chromosomes  unite  with  the  spindle  fibres  extending  from  pole  to  jwle.  The  number 
of  these  secondary  sjnndle  fibres  corresjMjnds  with  the  number  of  the  chrouiosonies. 

In  forming  the  daughter  nuclei,  the  free  ends  of  the  chromosomes 
first  become  drawn  in  (8),  and  the  surrounding  cytoplasm  separates 
itself  by  means  of  a  protoplasmic  membrane  (9)  from  the  developing 
nuclei.  Within  the  nuclear  cavities  which  are  thus  produced  the 
chromosomes  elongate  (10),  and  joining  together,  end  to  end,  become 
again  intertangled.  The  chromatin  substance  is  diminished  in  quantity, 
nucleoli  at  length  appear  in  the  enlarging  nuclei,  and  finally  a  con- 
dition of  rest  is  again  reached. 

The  changes  occurring  in  a  mother  nucleus  preparatory  to  division  are  termed 
the  PROPHASES  of  the  karyokinesis.  These  changes  extend  to  the  formation  of  the 
nuclear  plate,  and  include  also  the  process  of  the  longitudinal  division  of  the 
chromosomes.  The  separation  of  the  daughter  chromosomes  is  accomplished  in  the 
METAPHAsK.s,  and  the  formation  of  the  daughter  nuclei  in  the  anaphases  of  the 
karyokinesis.  The  real  purjM)se  of  the  whole  process  is  consummated  in  the 
quantitative  and  qualitative  division  of  tlje  chromosomes,  resulting  from  their 
longitudinal  segmentation  (4,  />,  C).  The  anaphases  of  the  karyokinesis  are  but  a 
reverse  repetition  of  the  prophases.  Exceptions  to  the  process  as  here  described, 
arc  not  of  special  importance,  and  need  not  be  discussed. 

In  addition  to  the  mitotic  or  indirect  nuclear  division  there  is 
also  a  DIRECT  or  amitotic  division,  sometimes  called  Fragmenta- 
tion (Fig.  63).  It  usually  occurs  in  old  cells,  or  in  cells  in  which  the 
cell  contents  become  disorganised  shortly  after  the  nuclear  division. 

Instructive  examples  of  direct  nuclear  division  are  afforded  by  the 
long  internodal  cells  of  the  Stone  worts  {Cliaraceae),  and  also  by  the 
old  internodal  cells  of  Tnidescantia  (Fig.  G3). 

The  direct  nuclear  division  is  chiefiy  a  process  of  constriction 
which,  however,  need  not  result  in  new  nuclei  of  equal  size.  In  the 
case  of  the  Stoneworts,  after  a  remarkable  increase  in  the  size  of  the 
nucleus,  several  successive  rapid  divisions  take  place,  so  that  a  con- 
tinuous row  of  bead-like  nuclei  results.  The  old  internodal  cells  of 
Tmdcsmntia  (Fig.  63)  very  frequently  show  half-constricted  nuclei  of 
irregular  shape.  While  in  uninuclear  cells  indirect  nuclear  division  is, 
as  a  rule,  followed  by  cell  division,  this  is  not  the  case  after  direct 
nuclear  division. 
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Cell  Division. — In  the  uninuclear  cells  of  the  Cormophytes,  cell 
division  and  nuclear  division  are,  generally,  closely  associated  as  parts 
of  one  and  the  same  act.  The  spindle  fibres  extending  from  pole  to 
pole  persist  as  connecting  fibres  be- 
tween the  developing  daughter  nuclei 
(Fig.  62,  6,  7).  The  number  of  the 
connecting  fibres  is  increased  by  the  in- 
teqx)sition  of  others  in  the  equatorial 
plane.  In  consequence  of  this  a  ban'el- 
shaped  figure  is  formed,  which  either 
8e{)arates  entirely  from  the  developing 
daughter  nuclei,  or  remains  in  connection 
with  them  by  means  of  a  peripheral 
sheath,  the  CONNECTING  UTRICLE.  The 
first  is  the  case  in  cells  rich  in  cyto- 
plasm, the  latter  when  the  cells  are  more 
abundantly  supplied  with  cell  sap.  At 
the  same  time  the  connecting  fibres 
become  granularly  thickened  (8,  9)  at 
the  equatorial  plane,  and  form  what  is 
known  as  the  CELL  plate.  In  the  case 
of  cells  rich  in  protoplasm  or  small  in 
diameter,  the  connecting  fibres   become  ^ 'o-  '^-oi^i  c^iis  from  the  stem  of 

1  i.jj  Ja14.i  Tnulesctintia       virginini,      showing 

more  and  more  extended,  and  touch  the  „„,,,j  j„  process  of  din  ct  division 
cell  wall  at  all  points  of  the  equatorial 
plane  ( 1 0).  The  granular  elements  of  the 
cell  plate  then  unite  and  form  a  partition  wall,  which  thus  simul- 
taneously divides  the  mother  cell  into  two  daughter  cells  (10).     If, 

however,  the  mother  cell  has  a  large 
sap  cavity,  the  connecting  utricle 
cannot  at  once  become  so  extended, 
and  the  partition  wall  is  then  formed 
successively  (Fig.  64).  In  that 
case,  the  partition  wall  first  com- 
mences to  form  at  the  point  where 
the  utricle  is  in  contact  with  the 
side  walls  of  the  mother  cell  (Fig. 
64,  J).     The  protoplasm  then  de- 

F,<;.    ^H.  -Three  8ta«eH  in  the  «iivision  of  a    ^^^^^  ^^^^^^  ^^^^  ^^^     ^^^  ^^  ^^^  ^^^ 
hviDK  w\l  of  Epi}»xctii  jitHiutriit.    (After  •  i        i 

Treib,  X  805.)  wall  m  contact  with  the  wall  of  the 

mother  cell,  and  moves  gradually 
across  until  the  septum  is  completed  (Fig.  64,  i^  and  C) ;  the  new 
wall  is  thus  built  up  by  successive  additions  from  the  protoplasm. 

In  the  Thallophytes,  even  in  the  case  of  uninuclear  cells,  the  parti- 
tion wall  is  not  formed  within  connecting  fibres,  but  arises  either 
simultaneously  from  a  previously  formed  cytoplasmic  plate,  or  suc- 
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cesaively,  by  means  of  diaphragm- like  projectioiiB  from  the  wall  of 
mother  cell.  It  was  a  division  process  of  this  kind  (Figs,  65,  66), 
first  investigated  in  fresh-water  Algae,  that  gave  rise  to  the  conceptiou 
of  cell  division,  which  for  a  long  time  prevailed  in  both  animal  and 
vegetable  Histology.  In  tins  form  of  cell  division  the  new  wall  com- 
mences as  a  ring'lilte  projeclion  from  the  inside  of  the  wall  of  the 
mother  cell,  and  gradually  pushing  further  into  the  ceil,  finally  extends 
completely  across  it  {Figs.  65,  66),  In  a  division  of  this  sort,  in 
uninuclear  celts,  nuclear  division  precedes  cell  division,  and  the  new 
wall  18  formed  midway  between  the  daughter  nuclei  (Fig.  65).  In 
the  multinuciear  cells  of  the  Thallophytes,  on  the  other  hand,  although 
the  nuclear  division  does  not  dilfer  from  that  of  nninuclear  cells,  cell 
division  (Fig.  66)  is  altogether  independent  of  nuclear  division.  And 
in  raultinuclear,  unicellular  Thallophytes,  nuclear  division  is  not  fol- 
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lowed  by  a  cell  division.  The  interdependence  of  nuclear  and  cell 
division  in  uninuclear  cells  is  necessary  to  ensure  a  nucleus  to  each 
daughter  cell.  In  multinuclear  cells  it  is  not  essential  that  cell 
division  should  always  be  accompanied  by  nuclear  division,  as  in  any 
case  sufficient  nuclei  will  be  left  to  each  daughter  cell. 

Free  Nuclear  Division  and  Multicellular  Formation. — The  nuclear 
division  in  the  multinuclear  cells  of  the  Thallophytes  may  serve  as  an 
example  of  free  nuclear  division,  that  is,  of  nuclear  division  unaccom- 
panied by  cell  division.  In  pliints  with  typical  uninnclear  cells, 
examples  of  free  nuclear  division  also  occur ;  although,  in  that  case, 
the  nuclear  division  is  customarily  followed  by  cell  dii-isiou.  This  is 
often  the  case  in  the  formation  of  germ  cells,  und  is  due  to  the  fact 
that  while  the  nuclei  increase  in  number  this  process  is  not  accom- 
panied by  a  corresponding  cell  division.  When,  however,  the  number 
of   nuclei    is   completed,   then   the   cytoplasm   between    the    nuclei 
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divides  simultaneously  into  as  many  poi'tians  as  there  are  nuclei.     In 
tltts  process  we  have  an  example  of  multicelluUr  formation.   This  method 
of  development  is  especially 
instructive  in  the  embryo-sac 

of  Phanerogams,  a  cell,  often  '^ 

of  remarkable  size  and  rapid 

growth,  in  which  the  future  ^ 

embryo  is  developed.  The  -.^"^ 
Ducleiis  of  the  embryo-sac 
dividL>s,  the  two  daughter 
nuclei  again  divide,  their 
successors  repeat  the  pro- 
cess, and  so  on,  until  nt.  last 
thousands  of  nuclei  are  often 
formed.  No  cell  division 
Accompanies  these  repcutfd 
nuclear  divisions,  but  the 
nuclei  lie  scattered  througli- 
ont  the  peripheral,  cyto- 
f  lasmic    lining   of   the   em-  .  ^' 

bryo-eac.   When  the  embryo-        '  .  \    -  >       .  i 

Mc    ceases    to   enlarge,    the  >  ^'^  " "        ~ 

nuclei    surround    themselves  '    '  ^ 

with  connecting  strands,  ^'"^"'"''^ 
which  then  radiate  from  mencenK'nt 
them  in  all  directions  (P'ig. 

C7).  Cell-plates  make  their  appearance  in  these  connecting  strands, 
and  from  them  coll  walls  arise.  In  this  manner  the  peripheral  proto- 
plaam  of  the  embryo-sac  divides,  simultaneously,  into  as  many  cells 
■■  there  are  nuclei. 

Varioiu  islcnuvdiate  atagtii  li«tw«eii  sjiutiitaui'ouii,  nmlticel hilar  fommtioD  and 
pKcnuve  cell  dirUion  cau  orteii  be  observed  in  an  embryo-aau.  Wliere  the 
pnbryo-MO  u  unall  and  of  slow  (trowtb,  BUCMsaive  eel!  dirUioii  tskea  pltar,  bo  thai 
lauilticelllllar  formutioD  may  be  regarded  as  but  an  acuelvratrd  form  of  siiccewivv 
■•II  divfnon,  inditced  by  nn  cxIrFinely  TA\iiA  iucrease  in  the  size  of  the  sap  cavitj, 

Free  Cell  Formation. — Cells  produced  by  this  process  differ  con- 
Ipicuously  from  those  formed  by  the  usual  mode  of  cell  division,  in 
Uiat  the  free  nuclear  division  is  followed  by  the  formation  of  cells  which 
have  no  contact  with  each  other.  This  process  can  be  seen  in  the 
developing  embryo  of  the  (JymnoBperms,  in  Epktdia,  for  example,  and 
aXto  in  the  formation  of  the  sports  of  the  Ascomyuln.  In  the  case  of 
there  lirst  occurs  a  free  division  of  the  nucleus  of  the  fertilised 
;  each  daughter  nucleus  then  divides  once  or  twice,  so  that  four 
e^t  nuclei  are  ultimately  produced.  A  rounded,  cytoplasmic 
its  about  each   nucleus  iiiid  surrounds  itself  with  a  cell  wall 


(Fig.  68) ;   but  the  four  or  eiglit  cells  thus  formed  have  no  contact 

with  each  other,  and  the  cytopl&sm  of  the  mother  cell  is  not  totally 

consumed  by  their  formation. 

Cell-Buddln?. — This  is  simply  a  special  variety 
of  ordinary  cell  division,  in  which  the  cell  is  not 
divided  in  the  middle,  but,  instead,  pushes  out  a 
protuI>erance  which,  by  constriction,  becomes  aep&r- 
ated  from  the  mother  cell.  This  mode  of  cell 
multiplication  is  characteristic  of  the  Yeaat  plant 
(Fig.  2,  p.  11)  ;  and  the  spores,  known  aa  conidia, 
which  are  produced  by  numerous  Fungi,  have  a 
similar  origin  (Fig.  286). 

Cell- Formation   by   Coi^ugBtlon. — A  sexual 
cell  is  only  able  to  continue  its  development  aft«r 
fusion  with  another  sexual  cell.     The  two  cells  so 
uniting  are  either  alike,  and  in  that  case  are  called 
■■^^  GAUETF.S,  or  unlike,  and  are  then  distinguished  as 

Fiii.os.— FiwreUforniB-  EGG  and  SPERMATOzoiD.  The  spermatozoid  is  the 
tion  '"  "'*  ''ri]^'^  male,  the  egg  the  female  sexual  cell.  The  gametes 
nBiMinu-.  <xii».)  niay  be  motile  or  non-motile  (Fig,  69,  B).  The 
motile  gametes  frequently  resemble  the  swarm- 
s|Kire3  (Fig.  69,  A)  generated  by  the  same  parent  for  the  purpose 
of  asexual  reproduction.  As  a  rule,  however,  they  are  smaller 
than  the  swarm-spores,  and  have  usually  only  half  as  many  cilia. 
In  the  more  highly  sjwcialised  sexual  cells  the  egg  usually  retains 
the  structure  of  an  embryonic  cell,  but  the  spermatozoid  under- 
goes various  changes.  A  cytoplasmic  cell  body,  a  nucleus,  and  the 
rudiments  of  chromatopfaores  are  always  present  in  the  egg.  The 
male  sexual  cell  (Fig,  70),  on  the  other  hand,  becomes  transformed, 
in  the  more  extreme  cases,  into  a  spirally  twisted  body,  provided  with 
cilia,  and  exhibiting  an  apparently  homogeneous  structure.  Only  a 
knowledge  of  the  history  of  its  development,  and  the  greatest  care  in 
hanlening  and  staining,  have  rendered  it  possible  to  recognise  the 
homology  of  the  structure  of  such  a  spermatozoid  with  that  of  an 
embryonic  cell.  It  has  been  shown  that  one  part  of  its  spiral  body 
corresponds  to  the  cell  nucleus  {k),  another,  together  with  the  cilia,  to 
the  cytoplasm  (r),  and  the  vesicle  (b),  at  the  other  extremity,  to  the  sap 
cavity  of  a  cell.  After  the  spermatozoids  are  set  free  from  the  sexual 
organs,  they  require  water  for  their  dispersal.  They  aro  motile,  and 
are  thus  enabled  to  seek  out  the  egg-cells,  which,  in  most  cases,  await 
fertilisation  within  the  organ  in  which  they  have  been  formed. 

Motile,  male  sexual  cells  occur  only  in  the  Cr}'ptogams.  In  the 
Phanerogams  (Fig.  71)  the  non-motile  male  cell  (gz)  is  carried  to  the 
egg  by  the  growth  of  tlie  Poi.LES  TL'BK  (Fig.  71,  A),  in  which  it  is 
enclosed.  In  the  union  of  the  two  sexual  cells  in  the  act  of  fertilisa- 
tion, the  egg  nucleus  {''k)  and  the  sperm  nucleus  (sk)  fuse  and  form 
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the  nucleus  of  the  fertilised  ej!g-cel  The  cytop  asm  of  the  male 
cell  also  commingles  with  that  of  the  female  cell  but  the  chroma^ 
tophores  of  the  embryo  are  derived  from  the  e^cell  alone      It    s 
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still  uncertain  vhether  a  similar  fus  on  of  the  ce  rosphures  of  t  c 
sexual  cells  also  takes  place.  It  s  egarded  as  more  probab  e  tl  at 
the  centrospheres  of  the  egg  nucleus — more  a  e  y  ose  of  t  e  epe  d 
nucleus — become  functionless,  so  that  the  ce  osphe  ca  of  t  e  fe  sed 
egg  are  derived  only  from  the  sperm  nuc  cus  o  f  om  t  e  u  1  us  of 
the  female  cell. 


The  egg  becomBE  capable  of  development  as  the  result  of  fertiliBa- 
tioD,  although  there  are  exceptional  cases  in  the  organic  kingdom, 
especially  among  the  Arthropods,  where  an  unfertilised  egg  may  produt.'e 
an  emliryo.  This  is  called  partuknugenesis.  In  the  vegetable 
kingdom  the  existence  of  parthenogenesis  in  plants  with  advance<I 
sexual  diiferentialion  has  only  been  proved  in  the  case  of  Vliara  crinita, 
one  of  the  Chtracriic. 

Haltipllcation  of  the  Chromatophores. — This  is  accomplished  by 

■A  direct  division,  as  a  result  of  which,  by  a  pro- 

A  ^  cess  of   constriction,  a   cliromatophore    becomes 

^H  @-'  divided    into    two    nearly   equal    halves.      The 

_)^<a.  ^^A         stages  of  this  division  may  best  be  observed  ia 

^  W^^  tlie  chloroplasts  (FJg.  72). 

^^  Inclusions  of  the  Protoplasm — Starch. — 

^^  The    chloroplasts  in  plants  exposed  to  the  light 

vir.  Tt  — chioniiihvii  almost  always  contain  starch  grains.  These 
r  grains  of  starch  found  in  the  chloroplasts  are  the 
'  first  visible  products  of  the  assimilation  of  in- 
organic matter.  They  are  formed  in  large 
numbers,  but  as  they  are  contiimally  dissolving, 
always  remain  small.  Large  starch  grains  are  foimd  only  in  the 
reservoirs  of  reserve  material,  where  starch  is  formed  from  the  de- 
posited products  of  previous 
assimilation.  Such  starch  is 
termed  itESERVE  STARCH,  in 
contrast  to  the  ASSIMILATION 
STARCH  formed  in  the  chloro- 
plasts. All  starch  used  for 
economic  purposes  is  reserve 
starch.  The  starch  grains  stored 
as  reserve  material  in  potatoes 
are  comparatively  large,  attain 
ing  an  average  size  of  0'09  mm 
As  shown  in  the  adjoming 
figure  (Fig.  73),  they  are  plainly 
stratified.  Their  stratification 
is  due  to  the  varying  densi 
ties  of  the  successive  lasers 
They  are  eccentric  in  structure,  , 
as  the  organic  centre,  about 
which  the  different  layers  are 
laid  down,  does  not  corre- 
spond with  the  centre  of  the  grain.  The  starch  grains  of  the 
legumes  and  cereals,  on  the  other  hand,  are  concentric,  and  the 
nucleus  of  their  formation  is  in  the  centre  of  the  grain.  The 
starch  grains  of  the  Bean,  Phufeolus  vulgaris  (Vig.  74),  have  the  shape 


%  fiatt«ned  sphere  or  ellipaoJd  ;  they  show  &  distinct  stratification, 
Katid  are  crossed  by  fissures  radiating  from  the  centre.  The  disc-ehaped 
KMarch  graina  of  wheat  are  of  unequal  size,  and  only  indistinctly  strati- 
■fiftd  (Fig.  G5).  \  comparison  of  the  accompanying  figures  (Figs.  72- 
1  75).  all  equall}  magnified,  will  give  an  idea  of  the  varying  size  of 
I'tiie  starch  grams  of  dilferent  pUnts.  The  size  of  starch  grains 
P-»»ries,  in  fact,  from  0  002  mm  to  0-170  mm.  Starch  grains  0-170 
m.  lai^e,  such  as  those  from  the  rhizome  of  Ciinna,  may  be  seen 
tifiren  with  the  nnked  eje  and  have  the  appearance  of  brilliant  points. 
lln  addition  to  tht  simple  sUrch  gi.iins  so  far  described,  half -com  pound 


I  compound  starch  grains  are  often  found.     Grains  of  the  former 

T.  kind  are  made  up  of  two  or  more  individual  grains,  surrounded  by 

I  •  zone  of  peripheral  layers  enveloping  them  in  common.     The  com- 

[  pound  grains  consist  merely  of  an  aggregate  of  individual  grains  un- 

1,  taprided  with  any  common  enveloping  layers.     Both  half-compound 

l>(Fig.  73,   B)   and   compound  starch  grains  (Fig.  73,  C,   D)  occur  in 

I  potatoes,  together  with  simple  grains.     In  oats  (Fig.  7G)  and  rice  all 

I  ihe  starch  grains  are  compound.    According  to  Naueli,  the  compound 

■■llBrcb  grains  of  rice  consist  of  from  4  to  100  single  grains ;    those  of 

'  (  glalim  sometimes  of  over  30,000,     Stai-ch  thus  formed  from 

_  nviously  assimiUted  organic  substances  also  requires  chromatophores 

r  far  its  production.     It  is  produced  by  means  of  lencoplasts,  which  are, 

in  consMiuence,  often  termed  sTAucH-m.'iLDERS.     If  the  formation  of  a 

lUrch  grain  should  begin  near  the  periphery  of  a  leucoplast,  the  grain 

would  eventually,  by  its  continued   enlargement,  protrude  from  the 

I  leacophut      As  new  layers  of  starchy  matter  are  then  deposited  only 
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on  the  side  remaining  in  contact  with  the  plastid,  the  starch  grain 
thus  becomes  eccentric  (Fig.  77).  Should,  however,  several  starch 
grains  commence  to  form  at  the  same  time  in  one  leucoplast,  they 
would  become  crowded  together  and  form  a  compound  starch  grain, 
which,  if  additional  starchy  layers  are  laid  down,  gives  rise  to  a  half- 
compound  grain. 

It  has  recently  been  asserted  that  starch  grains  are  crystalline  bodies,  so-called 
sphserites,  and  are  composed  of  fine,  radially  arranged,  needle-shaped  crystals 
(trichites).  Their  stratification,  according  to  this  view,  is  due  to  variations  in  the 
form  and  number  of  the  crystal  needles  in  the  successive  layers.  In  a  few 
individual  cases,  Arthuu  Mever  has  succeeded  in  showing  that  the  stratification 
of  the  starch  grains  corresponds  to  the  alternation  of  the  periods  of  day  and  night, 
i.e.  to  the  interference  which  is  thus  caused  in  the  nutritive  processes.  The  growth 
of  starch  grains  is  also  affected  by  the  solvent  action  of  surrounding  substances, 
whereby  the  peripheral  layers  may  be  partially  removed,  and  then  no  longer  com- 
pletely envelop  the  entire  grain.  Starch  grains  are  composed  of  a  carbohydrate, 
the  formula  of  which  is  (C6Hio05)n.  Most  starch  grains  only  contain  amyloid, 
one  variety  of  which  becomes  liquid  in  the  presence  of  water  at  a  temperature 
of  100°  C,  and  another,  which,  under  the  same  conditions,  does  not  become  liquid. 
In  addition  to  this  amyloid  many  starch  grains  contain  also  amylodextrin.  In 
certain  cases,  as  in  Oryza  sativa  var.  glutinosa  and  Sorghum  vulgare  var.  glutinasnm, 
the  starch  grains  consist  principally  of  amylodextrin.  Although  starch  rich  in 
amyloid  gives  a  blue  reaction  with  a  solution  of  iodine,  the  starch  rich  in  amylo- 
dextrin takes  a  red  wine  colour.  Starch  grains  become  swollen  in  water  at  a  tem- 
perature of  60"  to  70^  C,  according  to  Arthuu  Meyer,  because  of  the  conversion 
into  tenacious  globules  of  the  more  readily  soluble  of  the  two  amyloids  ;  at  138"*  C. 
starch  grains  become  completely  dissolved.  Starch  swells  very  readily  at  ordinary 
temperatures  in  solutions  of  potassium,  or  sodium  hydrate.  Heated  without  addi- 
tion of  water,  i.e.  roasted,  starch  becomes  transformed  into  dextrin,  and  is  then 
soluble  in  water  and  correspondingly  more  digestible.  That  starch  grains  give  a 
dark  cross  in  polarised  light  is  due  to  tlie  double  refraction  of  the  component 
crystalline  elements. 

The  amount  of  starch  contained  in  reservoirs  of  reserve  material  is  often  con- 
siderable ;  in  the  case  of  potatoes  25  per  cent  of  their  whole  weight  is  reserve 
starch,  and  in  wheat  the  proportion  of  starch  is  as  high  as  70  per  cent.  The  starch 
flour  of  economic  use  is  derived  by  washing  out  the  starch  from  such  reservoirs  of 
reserve  starch.  In  the  preparation  of  ordinary  flour,  on  the  contrary',  the  tissues 
containing  the  starch  are  retained  in  the  process  of  milling. 

Alkurone. — Aleurone  or  protein  grains  (gluten)  are  produced 
in  the  seeds  of  numerous  plants,  especially  in  those  containing  oil. 
They  are  formed  from  vacuoles,  the  contents  of  which  are  rich  in 
albumen,  and  harden  into  round  grains  or,  sometimes,  into  irregular 
bodies  of  indefinite  shape.  A  portion  of  the  albumen  often  crystal- 
lises, so  that  frequently  one  and  occasionally  several  crystals  are 
formed  within  one  aleurone  grain.  In  aleurone  grains  containing 
albumen  crystals  there  may  often  be  found  globular  bodies,  termed 
GLOBOIDS,  which,  according  to  Pfeffer,  consist  of  a  double  phosphate 
of  magnesium  and  calcium  in  combination  with  some  organic  substances. 
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i  also  found  enclosed  i 


Ciystale  of  calcium  oxalate  e 
grains. 

Th«  aeeda  of  Jlieinus  (Fig  7S)  Iiirmsh  good  exsmpli 
FDclosed  Blbuincn  crjatals  and  gio 
1 10 ids.  The  aleiiroDe  graiiia  them 
xc)ve»  lie  embedded  in  a  cytoplasm 
that  is  rich  in  oil.  In  tlie  Lcreals 
the  aleiirone  grains  wliicli  lie  olIj  in 
llie  outer  cell  Uyer  of  the  aeeds 
(Fig.  79,  at)  are  small,  and  free  from  J 
■11  iDclasioiu ;  tliey  contain  neither 
crystals  nor  globoids.  As  the  outer 
cells  of  wheat  grains  contain  onlj 
■leilrone,  and  the  inner  almost  e\ 
cluaively  starch,  it  follon«  that  (lour  Fi 
is  the  richer  or  poorer  in  albumen 
the  more  or  less  completely  this  outer 
layer  has   been  removed  before   the 

wheat  is  ground.     From  the  inner  layers  tiner  and  n  Inter 
while  more  uouriah'ng  flour  s  obtained  from  the  outer  lajera 
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-.a  — Crystals 
ijieciallj  fre 
q  e  t  ale  roi  e  gra  ns  (F  g  78) 
They  la  jr  ously  been  men 
tio  ed  as  occurring  in  the  cl  ron  a 
topi  ores  In  the  illustrat  on  of 
tie  le  coplasU  oi  Phajus  gra  rfi 
/  I  ui  F  g  7  tl  e  rod  al  aped 
rystals  are  represei  ted  as  1  ght 
str  ]ie  n  B  B.  i  E)  Id  the 
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refract    e    bod  es    Ij  i  g  tl  e 

cl  loropldsts  ai  d  surr  und  d  by  a 
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rystals       A   good     xom^le 

e     crystals  may  also  occur  d 
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•,  tliey  nmy  lie  stniued,  and  n\no  in  Ilist  tliey  are  caplUe  of 
swelling  b;  imbibitbo.  Stit^ectcd  to  the  action  of  water  or  a.  dilute  aolatioii  of 
i-auKtic  potash,  they  at  Rrst  incrvoae  in  size  nithoat  losing  their  crjsUlKna 
outline. 

Crystals  of  Caloivm  Oxalate. — Few  plants  are  devoid  of  aoch 
crystals.  Tliey  are  faimed  in  the  cytoplasm,  nithia  vacuoles  wbich 
aft«rwanlB  enlarge  aud  eomotimes  almost  fill  the  Avhole  cell.  In  such 
cases  the  other  components  of  the  cell  become  gi'eatly  reduced;  the  cell 
wnlls  at  the  same  time  are  often  converted  into  cork,  and  the  whole 
cell  becomes  merely  a  repository  for  the  crystal.  The  crystAls  may  be 
developed  singly  in  a  cell,  in  which  case  they  belong  either  to  the 
tetragonal  or  monosymmetrical  crystal  system  ;  or,  as  is  more  frequently 
the  case,  they  form  CRYSTAL  AGGREGATES,  clusters  of  crystals  radiat- 
ing ill  all  directions  from  a  common  centre.  In  the  LUiiiceue,  Ordiid'ieeae, 
and  other  Monocotyledons,  compact  bundles  of  needle-shaped  crystals  of 
calcium  oxalate,  the  so-calletl  RAPHIDES,  are  especially  frequent  (Fig.  80). 
Such  crj'stal  bundles  are  always  enclosed  in  a 
large  vacuole  filled  with  a  mucilaginous  sub- 
stance. The  degree  of  concentration  of  the 
mother  liquor  from  which  the  crystals  have 
separated,  determines,  according  to  Kny,  their 
crystal  form,  wlietber  tetragonal  or  monoclinic. 

S[LK'E0L's  BorrES,  wbicli  itrc  only  soluble  in  hydro- 
fluoric aeid,  ure  ofCvn  fouud  in  the  cytoplasm  of  many 
cells,  es])ecial]y  of  PalinR  anii  Orchids,  and  often  com- 
pletely fill  the  whole  eelhiUr  dpnce. 

Tannin. — Highly  refractive  vacuoles  filled 
with  a  concentrated  solution  of  tannin  are 
of  frequent  occuirence  in  the  cytoplasm  of 
cortical  cells,  and  may  often  grow  to  a  con- 
siderable size. 

Thu  datk-blue  or  green  colour  I'eaction  obtained  oo 
treatment  witli  a  solution  of  ferric  chloride  or  fonio 
Bulphate,  aud  tlic  reddiah-browu  precipitate  formed  with 
an  aqueous  solution  of  iHitassium  bichromate,  arc  usiutllj 
ncocptud  as  testa  for  tlie  recognition  of  tannin,  althougli 
equally  applicable  for  a  whole  grau]i  of  aimilar  «Db- 
Btances. 

,,u  ~.-«....«u^N.,vM.i.^«         Fats  and  Oils  in  plants  are  mixtures  of 

ot  Draaana  nbm,  DDed  fatty  acid  esters.     Frequently,  as  in  species  of 

win.  mueiisginou.  ™ti«  jUmm  and   Jloe,   a   falty   oil   appears  in  the 

^«;^^r"^'m^"'   old    chlorophyll    grains.       The    occurrence    of 

castor  oil  in  the  form  ot  highly  refractive  drops 

in  the  cytoplasm  of  the  ale u rone-containing  cells  in  the  endosperm  of 

the  caator-oil  seeds,  has  already  been  referred  to.     Oil  usually  occurs  in 


'  this  fortn.  But  fatty  substances  may  also  appear  in  the  cytopluam  as 
irregiitarly -shaped,  more  or  less  soft  grains,  as  for  exampla  in  the 
Tegetable  butters  anil  in  the  wax  of  various  seeds ;  they  may  even 
be  crystAlline,  as  in  the  needle-like  crystals  of  Para-nuts  {Jiirlholklia 
«7ttl»a)  and  of  Nutmeg  (Myrislka  frugraiwi). 

Glvcocrk. — Tills  subHtancc,  related  to  su}{ar  and  starcli,  and  of  frequent  occur- 
nnoe  in  uumol  tjesues,  fuliils,  iiccordiiijf  to  Eukkiia,  the  same  I'uuctiona  iu  tlie 
Fangi  ta  sugar  and  starcli  in  the  liigher  jilants.  Cytoplasm  coutaining  glycogcu 
is  calDured  ■  reddiali-brown  with  a  solution  of  iodine.  This  colour  almost  wholly 
din|ipnrs  if  the  preparation  be  wanned,  but  roappears  ou  oooliug. 

Etherkai.  Onji  and  Kesins.— In  most  cases  the  strongly  refractive 
drops  found  dispersed  throughout  cytoplasm  are  globules  of  some 
ethereal  oil.  It  is  the  presence  of  sucli  oils  in  the  petals  of  many 
flowers  that  give  to  them  their  agreeable  jwrfume.  Under  certain 
sonditions  the  oil  globules  may  become  crystallised.  This  occurs,  for 
examjilc,  in  Kose  petals.     Secretions  from  surrounding  cells  are  often 

)  de|X)Hited  in  special  receptacles  in  which,  through  oxidisation,  camphor 

[  or  resin  is  formed. 

Spcvikl  cclU  of  this  kind,  with  toiky  wallti  and  tilled  with  reain  or  ethereal 
111,  lav  found  in  tile  rbizunicH  of  certain  [ilajits.  as  (or  iuatanec  in  Ibotie  of 
I  Calainui  {Aeorua  Calannu)  and  of  Ginger  {Zingiber  ijgkiaale) ;  also  in  the  bark, 
Laa,  for  example,  of  Cinnamon  treex  {fiinnamomtim} ;  in  the  leaves,  aa  in  tbe  Sweet 
|Bb]:  ILaiinu  iHibilis) ;  in  the  pericarp  and  seed  of  tbe  Pepgwr  {Hjicr  niffrum)  ; 
I  id  the  perioarp  of  Aniiw  seeds  (/Hirium  aniiatum). 

MuciLAoiKOUs  Matter  is  often  found  as  a  part  of  the  cell  contents 
D  tJie  cells  of  bulbs,  as  in  Allium  Cepii  and  ScUla  mmilimii,  in  the 
taben  of  Orchids,  also  in  aerial  organs,  especially  in  the  leaves  of 
Succulents,  which,  living  in  dry  places,  are  thus  enabled  to  maintftin 
tiieir  water-supply  by  means  of  their  mucilaginous  cells. 

CiOLTCHour  AND  GuTTA-PERCHA. — These  substances  are  found  in 

V  number  of  planta  belonging  to  different  groups,  in  particular  in  the 

1  UrlioKea*,  EapJtorhuKtiie,  and  SapiiUiceae.     Tliey  occur  in  tlie  so-called 

L  milk  sap  of  sjiecial  cells  in  the  form  of  small,  dense  globules,  which, 

I  kuspended  in  the  watery  cytoplasm,  give  it  its  milky  appearance. 

—As  lieing  of  iiiiunual  occurrence,  mention  should  be  inadn  of  tiiu 
k  2*M«iiu«i  uf  sulphur  in  the  fomi  of  Hniall  rcOuvtivf  grains  iu  the  protoplasin  of 
I  certain  Bacteria,  the  Beggiatoat.  Tbutw  Bacteria  live  iu  water  conttuning  much 
I  «rj{uuc  matter,  and,  according  to  Winouiiauhky,  obtain  their  sulphur  (roni 
I  «alphiu«ItHl  hydrogen.  In  fiillilling  its  fumtion  in  the  Bacteria  the  Hul|)hur 
ton*  niidiKed  into  frulphu  ' 

The  Cell  Sap. — Under  this  terra  is  included  especially  the  fluid 

which  in  old  cells  fills  the  inner  sap  cavity.      It  is  generally  watery 

[  »n<)  clearer  than  the  fluid  contained  in  the  smaller  vacuoles  of  the 
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cytoplasm.  No  sharp  distinction  can,  however,  be  drawn  between 
the  sap  cavity  and  vacuoles,  and,  moreover,  a  number  of  such  vacuoles 
may  take  the  place  of  the  sap  cavity  itself.  The  cell  sap  usually 
gives  an  acid  reaction,  though  in  water-plants,  according  to  TsCHiRCH, 
this  reaction  is  often  uncertain.  The  substances  held  in  solution  by 
the  cell  sap  are  very  various.  The  soluble  carbohydrates,  in  parti- 
cular the  sugars,  cane  sugar,  the  glucoses,  and  especially  grape  sugar, 
frequently  occur  in  the  cell  sap.  The  glucoses  may  be  recognised  by 
their  reducing  properties. 

If  preparations  containing  glucose  be  placed  in  a  solution  of  copi>er  sulphate, 
and,  after  being  washed  out,  are  transferred  to  a  solution  of  caustic  potash  and 
heated  to  boiling,  they  will  give  a  brick-red  precipitate  of  cuprous  oxide.     If  cane- 
sugar  or  saccharose  be  present,  this  same  treatment  gives  only  a  blue  colour  to 
the  cell  sap. 

Carbohydrates  are  transported  in  a  plant  principally  in  the  form  of 
glucose  ;  cane  sugar,  on  the  contrary,  is  stored  up  as  reserve  material ;  as 
for  example,  in  the  sugar-beet,  in  the  stems  of  sugar-cane,  and  in  other 
plants  from  which  the  sugar  of  economic  use  is  derived. 

Inulin,  a  carbohydrate  in  solution  in  cell  sap,  takes  the  place  of 
starch  in  many  orders  of  plants,  as,  for  example,  in  the  Composiiae, 

Treated  with  alcohol,  inulin  is  precipitated  in  the  form  of  small  granules,  which 
may  be  redissolvod  in  hot  water.  When  portions  of  plants  containing  much 
inulin,  such  as  the  root  tubers  o{  Dahlia  variubilLSf  are  placed  in  alcohol  or  dilute 
glycerine,  the  inulin  crystallises  out  and  forms  sphaerites,  spheroidal  bodies  com- 
posed of  radiating  crystal  needles  arranged  in  concentric  layers. 

AsPAKAOiN  is  also  generally  present  in  the  cell  sap. 

There  are  frequently  found  dissolved  in  the  cell  sap  tannins,  alkaloids, 
and  OLUCOSiDKs,  such  as  coniferin,  hesperidin,  amygdalin,  solanin,  aesculin, 
saponin,  and  also  bitter  principlei)  related  to  the  glucosides.  It  is  also  often 
possible  to  detect  in  the  cell  sap  one  of  the  benzole  group,  phloroglucin,  which,  in 
the  presence  of  hydrochloric  acid,  stains  lignified  cell  walls  a  violet  colour.  Organic 
acids  are  also  of  frequent  occurrence  in  the  cell  sap  ;  thus,  malic  acid  is  usually 
present  in  the  leaves  of  the  succulents.  For  the  most  part,  these  organic  acids 
unite  with  bases,  and  the  salts  which  are  formed  often  crystallise.  Of  acid  salts, 
which  are  less  frequent  than  free  acids,  the  binoxalate  of  potassium  found  in 
Field  Sorrel  (Huyncx)  and  Wood  Sorrel  {Ox/tlis)  deserves  special  mention. 

The  cell  sap  is  often  coloured,  principally  by  the  so-called  ANTHO- 
CYANIN.  This  is  blue  in  an  alkaline,  and  red  in  an  acid  reacting  cell 
sap,  and,  under  certain  conditions,  also  dark  red,  violet,  dark-blue,  and 
even  black.  Blood-coloured  leaves,  such  as  those  of  the  Purple  Beech, 
owe  their  characteristic  appearance  to  the  united  presence  of  green 
chlorophyll  and  anthocyanin.  The  different  colours  of  flowers  are  due 
to  the  varying  colour  of  the  cell  sap,  to  the  different  distribution  of  the 
cells  containing  the  coloured  cell  sap,  and  also  to  the  different  combina- 
tions of  dissolved  colouring  matter  with  the  yellow,  yellowish  red,  or 
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red  chromopkste  and  the  green  chloroplasts.  There  ia  occasionally 
found  in  the  cell  sap  a  yellow  colouring  matter  kuown  as  xanthiu  ; 
it  18  nearly  related  to  xanthophj'll,  but  soluble  in  water.  The  cell 
&a{>  also  conlaina  inorganic  salts  in  solution,  particularly  nitrates, 
sulphates,  and  phosphates. 

The  Cell  Wall. — At  the  growing  points  of  plants  the  cells  are 
aeparated  from  one  another  only  by  extremely  thin  memhi-anea  or  cell 
^Vftlk.    The  rapid  growth  in  length  which  sets  in  a  short  distance  from 
I  growing  itoint,  as  a  result  of  the  increase  in  the  size  of  the  cells, 
Igjb  be  accompanied  by  a  corresponding  growth  IN  SURFACE  of  the 
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I   cell  walls.     So  long  as  this  growth  in  surface  continues,  the  cell  walls 
ain  thin.     After  the  cells  have  attained   their  ultimate  size,  the 
CRnwTH  IN  THICKNESS  of  the  cell  walls  then  begins.     Such  thickened 

•  cell  walls  are  not,  in  most  cases,  homogeneous,  hut  exhibit  a  stratified 
appearance  (Fig.  81),  owing  to  the  difTerent  refractive  power  of  the 
thickening  layei-s.  Treated  with  caustic  potash,  these  different  layers 
appear  as  if  composed  of  still  thinner  lamellae.  In  many  cases  the  thick- 
ening layers  exhibit  delicat«  striations  in  surface  view.  The  slriations 
extend  through  the  whole  thickness  of  the  layers,  usually  running 

\  (ihliquely  to  the  long  axis  of  the  cell,  and  often  crossing  one  another 
'n  the  different  thickening  layers  (Fig.  82). 

In   a   much-thickoned    cell  wall,  owing  to   chemical    and    optical 
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differences,  there  can  frequently  be  distinguished  three  distinct  Uyen 
— a  primary,  a  secondary,  and  a  tertiary  thickening  layer.  Theae 
layers  are  deposited  on  the  primary  cell  wall,  which,  in  the  case  of 
cells  arising  from  cell  division,  is  represented  by  the  newly-fonned 
partition  wall.  The  secondary  thickening  layer  is  usually  the  most 
strongly  developed,  and  forms  the  chief  part  of  the  cell  wall  The 
tertiiary  or  inner  layer  is  thinner  and  more  highly  refractive.  In 
special  cases,  but  only  in  the  formation  of  reproductive  cells,  an  inner 
thickening  layer,  completely  detached  from  the  others,  is  produced, 
as  in  the  formation  of  pollen  grains  and  spores,  which,  enclosed  only 
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by  this  inner  membrane,  finally  become  freed  from  the  older  thickening 
layer.  This  process  is  often  alluded  to  as  Rejuvenkscknce  ;  in  such 
cases,  it  should  be  not^d,  there  are,  in  reality,  no  new  celk  formed. 

The  thickening  of  the  cell  wall  seldom  takes  place  uniformly  over 
the  whole  surface;  but  some  portions  are  thickened,  while,  at  other 
jKiints,  the  original  or  primary  cell  wall  remains  unchanged.  In  this 
way  pores  are  formed  which  penetrate  the  thickening  layers.  Theae 
pores  or  pits  may  be  either  circular  (Fig.  84),  elliptical,  or  elongated. 
The  pits  in  adjoining  cells  converge,  and  would  form  one  continuous 
canal,  were  it  not  that  the  unthickened  primary  cell  wall  persists  as  ft 
CLOSING  MEMBRAXE  between  two  converging  pits.  As  a  result  of 
the  continued  thickening  of  the  cell  wall,  the  canals  of  several  pits 
often  unite,  and  so  branciied  pits  are  formed.  Such  branched  pit« 
have  usually  very  narrow  canals,  and  occur  for  the  moat  part  only 
in  extremely  thick  and  hard  cell  walls,  as,  for  instance,  in  those  of 
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I  fte  so-called  sclerotic  cells  or  sclereides.    Simple  pits  may,  on  the  other 

1  lluid,  expand  on  approaching  the  primary  cell  wall. 

The  stnictures  known  as  Bordkrkd  pits  (Fig.  83)  are  hut  a  special 

1  of  such  expanded  simple  pits.      In   bordered  pits  the  closing 

a  is  thickened  at  the  centre  to  form  a  ToiifS  (Fig.  83,  C). 
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f  the  curving  to  one  eide  or  the  other  of  the  cloaing  membrane,  the 

|r  ao  act  as  to  close  the  pit  canal  (Fig.  83,  //).     Bordered  pits 

are  only  formed  in  cells 

which  are  soon  to  lose 

their  living  contents  and 

thus     serve    merely    as 

channels  for  conducting 

water.   The  bordered  pits 

apparently  act  as  valves. 

Seen  from  the  surface  a 

bordered  pit  appears  as 

two  concentric  rings  (Fig. 

83,    A).      The    smaller, 

inner  ring  represents  the 

narrow   opening   of  the 

pit  into  the  cell  cavity  ; 

the    larger,    outer    ring 

i«wiirni»»  «ii. ;  (.  inurcxUBiu  .Ik.-...  ( .  300.)        indicates     the    junction 

B  wall  of  the  pit  ckambrr  with  the  primary  cell  wall. 

Very  large   pits  between  adjoining  living  cells  have  often  thin 

«  in  their  closing  membrane,  and  are  then  spoken  of  as  compound 

A  special  example  of  such  pits  is  aflbrdcd  by  the  sieve-pjt.s,  in 


which  the  closing  membrane,  in  that  case  called  the  sirve-PLATB,  U 

perforated  by  fine  openings  or  pores  (Fig.  85), 

In  cases  where  the  greater  part  of  the  cell  wall  remains  unthick- 
ened,  it  is  characterised  rather  by 
a  description  of  its  thickened  tlian 
untbickened  portions ;  it  is  in  this 
sense  that  the  terms  annular,  spiral, 
and  reticulata  are  used  (Fig.  66). 
Just  as  in  the  case  of  cells  witji 
bordered  pits,  annular,  spiral,  tutd 
reticulate  cell  walls  are  only 
acquired  by  cells  that  soon  lose 
their  contents,  and  act  in  the 
capacity  of  water-carriers.  Such 
wall  thickenings  serve  as  mechani- 
cal supports,  to  give  rigidity  to 
the  cells,  and  to  enable  the  cell 
walls  to  withstand  the  pressure  of 
the  surrounding  cells.  COLLEN- 
CHYMATOUS  cells  are  living  cells, 
the  walls  of  which  are  thickened 
principally  at  the  comers  (Fig.  87). 
Cells  on  the  surface  of  plants 
t  have  usually  only  their  outer  walls 
;  thickened  (Fig.  100).  By  the 
'  thickening  of  cell  walls  at  special 
points,     protuberances    projecting 

into  the  cell  cavity  are  formed  ;  in  this  way  the  formations  known 

as  CYSTOLITHS  arise. 

Certain  large  cflls  iu  the  Ivaves  of  tlie  Indiarubber  plant  (FiciM  ttattita)  con- 
taiii  i>«uuliar  clustered  bodies,  roniied  by  Cbo  thickening  of  the  cell  wkII  at  >  single 
point  (Fig.  88).  lu  their  formation  a  stem-like  bodj  or  stalk  first  protrudes  from 
the  cell  wall ;  by  the  addition  of  freslily-deiiosited  layers  this  becomes  club-shaped, 
and,  by  continued  irregular  deposits,  it  finally  attains  its  clustered  form. 

So  far  only  cetitrij^etal  wall  thickenings  have  been  described. 
Cells,  the  walls  of  which  are  centrifugally  thickened,  can  naturally  only 
occur  where  the  cell  walls  have  free  surfaces.  The  outer  walls  of 
hairs  generally  show  small  inequalities  and  projections.  The  surfitce 
ivalls  of  spores  and  pollen  grains  (Fig.  89)  show  a  great  variety  of  such 
centrifugally  developed  protuberances,  in  the  form  of  points,  ridges, 
reticulations,  and  bands  of  an  often  complicated  internal  structure. 

The  Origin  and  Growth  of  the  CeU  WaU.^The  cell  wall  is  a 
product  of  the  protophism.  When  a  previously  naked  protoplast,  as  a 
Bwarm-s{K)re  of  an  Alga,  envelops  itself  with  a  cell  wall,  this  is 
elTccted,  as  is  now  generally  believed,  by  the  transformation  of  its 
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protoplaflmic  membrane  into  a  cell  wall.  The  newly-formed  partition 
wall,  resultiDg  from  cell  division,  is  developed  from  the  cell  plate, 
which    ia    also   of   cytoplasmic  ^ 

origin.     The  new  lamelke  of  a  -:^  ~-  "^^^^^V- 

cell  wall  in   process  of   thicken-  '  ■  ,  -  -        ■^ 

ing  are   aho  derived   from  the  ,.    ,   '        ,    ^  il/ 

protoplasmic    membrane   of  the  ■^.    S    ll{ 

enclosed  cytoplasm.  /  -       .  ■  '    ■  '        y';\ 

The  growth  in  thickness  of   ^.   .  '  "     S    ) 

a  cell  wall  by  the  deposition  of      '\,  ^  '        W/ 

iuccessive    lamella    is    termed  -    ,       ' "        .  \\i 

GROWTH    BY    APPOSITION.        The  ,^1..      '^   ;  —  S^,  * 

growth  in  surface  of  cell  walls  ^^^  ~^_=.7ai*^^ 

may,  in  many  cases,  be  attributed  ^ 

to  the  deposition  of  new  lamellse  ''"'•  ^— ^-  p»ii<"«""'  "i  c^^mu^  /-q*  m 

,  '^      ,  .  ,  HiirAice   view,  and    portl]'  to   optical   «ctloD, 

SimultaneOUslyaccompanylngthe         rendered  Imuporent   by  irwUng  with  qll  of  ■ 

distension  of  the  old.  The  sub-  '«"""">  (x  2*o);  b,  pan  of  tiauMwrB  wcuon 
sequent  growth  in  thickness  of  o'ro"'"  «»""-'f ■■"'»""«'"■««-  O' ^.) 
the  single  lamellee  of  the  cell  walls,  by  the  interpolation  of  new 
particles  of  cell-wall  substance  between  the  old,  is  designated  growth 

BY  INTUS8USCKFTI0N. 

Cell  Wall  Sabstance. — The  transformation  of  the  cell  plate,  or  of 
the  protoplasmic  membrane  of  the  cytoplasm,  into  lamellse  of  the  cell 
wall,  is  accompanied  by  a  change  in  their  substance.  The  granules 
of  the  cell  plate  disappear  and  apparently  dissolve,  while  the  lamellte 
of  a  cell  wall  are  eventually  formed  from  the  solution.  Possibly  the 
lamellte  of  cell  walls  possess  a  crystalline  structure  similar  to  that  of 
starch  grains,  with  which  they  seem  to  correspond  in  many  structural 
peculiarities  and  in  the  double  refraction  of  their  layers. 

The  most  important  constituent  of  cell  walls  is  cellulose.  With 
the  exception  of  the  Fungi  it  is  present  in  the  cell  walls  of  all  plants. 

GiLKON  succeeded  IQ  obtaiuiiig  cellulose  in  a  state  uf  crysUUiitatioti.  He  treated 
a  plant  section  for  a  time  with  cuiirammonia,  then  washed  the  section  carefully 
with  uniDonia  of  a  suitable  concentration,  and  anervrardH  uith  distilled  water. 
In  the  celU  of  eectiona  treated  in  this  manner  lie  found  celliiloae  cryatala  in  the 
form  of  Bi'luerites  or  dendrites.  Ceiluloac  is  a  carbohydrate  of  wliich  the  chemical 
composition  is  ex|>resaed  by  tlie  general  formula  (CaH,aO,)n.  It  la  insoluble  in 
either  dilutt  acidH  or  alkalies.  By  the  action  of  concentrated  sulphuric  acid  it 
is  convertfi  into  dextrose.  After  treatment  with  sulphuric  or  phosphoric  acid, 
iodine  will  colour  it  blue  ;  it  shows  a  similar  reaction  when  exiosed  to  the 
simuttaneoiu  action  of  a  concentrated  solution  of  certain  salta,  such  as  zinc 
chloride  or  aluminium  chloride,  and  of  iodine.  Accordingly,  cliloroiodide  of  nine, 
on  account  of  the  blue  colour  imi>arted  by  it,  is  one  of  the  most  convenient  testa 
for  culluloBe. 

The  cell  walls  never  consist  entirely  of  pure  cellulose,  but  contain 
a  considerable  amount  of  other  substances,  which  are  not  stained  blue 


by  chloroiodide  of  zinc.  In  unligiiified  cell  walla  pkctose  is  [mti- 
citlarly  prominent.  It  ia  easily  distinguished  by  tlie  readiness  with 
which  it  dissolves  in  alkalies,  after  being  pre\nously  acted  upon  by  a 
dilute  acid. 

Susceptibility  to  certain  siaina,  for  cxAmjile  congo  red,  ia  >  clianicterlBtic  of 
celtulow  :  while  other  ataiuH,  Biieli  as  satfaniii  and  mctliyleae  bluf,  colnnr  {lectuaa 
more  deeply.  According  to  Uakqik,  the  [utrtition  will  farmi>d  in  the  higher 
pUuts  during  cell  diviaion  conaiatB  alnioat  wholly  of  peotose  ;  the  neit  developni 
luuinic,  the  seconduy  cell-wall  layer,  of  a  niiiture  of  cellulose  and  pectose  :  the 
lut  formad,  or  tertiary  layer,  chiefly  of  lelluloaB,  If  the  secondary  layer  of  the 
cell  wall  remain  aulignified,  the  amount  of  pectose  coutaiued  iu  it  incriNWes  with 
t4^  and  helps  to  strengthcD  the  uiiidle  lamella,  or  primary  cell-wall  layer. 

Among  the  aubetaucea  entering  into  the  couiponition  of  cell  wnlle,  in  addition 
t*  oelluloae  and  pectone,  mention  most  be  made  of  cALLrtBE.  It  is  chanustertaed  by 
its  iiuolnbility  in  cupraumonia  and  aolubiHty  in  soda  solution,  and  in  a  cohl 
1  [ler  cent  solution  of  caustic  potash.  It  is  coloured  a  red  Itrown  by  chloroiodid* 
of  zinc,  with  aniline  blue  it  talcea  an  intense  blue,  and  with  corallin  (niaolic  acid] 
a  brilliant  red.  Its  preaonce  in  the  higher  plautji  ia  limited  to  a  few  special  caaes  : 
it  envelops  tiie  sieve'pits  and  is  always  present  in  calcified  cell-wall  layen,  as,  Ibr 
example,  in  cyslalltha  (Fig.  SS).  According  to  Manuin',  calloae  exists  in  the  e«II 
valla  of  the  Fungi  and  Lichens,  generally  iu  combination  with  cellulose,  or  tnim 
rarely  with  pectinoceous  snbstonceB.  Gilson  asserts,  on  the  other  liand,  that  the 
cell  walls  of  all  the  Fungi  that  he  has  thoroughly  investigated,  coniist  of  ■ 
special  nitrogouoos  Bubatanco,  which  be  hw  called  hycosik,  and  considers  that  it 
corresponds  to  animal  chitin.  This  uhitin,  according  to  Oilsok,  takes  the  same 
place  in  the  uell  walls  of  the  Fungi  as  cellulose  in  the  cell  walls  of  the  higher  phutta. 
In  addition  to  chitiu,  the  cell  walls  of  Fungi  always  contain  carbohydrates. 

Where  cell  walls  become  LibNiPiEU  or  SUDRRISED,  It  is  particularly 
the  secondary  layer  that  receives  the  wood  or  cork  substance,  while  ■ 
the  tertiary  or  internal  layer  retains  its  cellulose  character. 

The  lignifloaCiou  is  occasioned  by  the  deposition  in  the  cell  wall  of  certain 
substances,  among  which  are  always  coniferin  and  vanillin.  It  is  these  two 
lubstances  which  give  the  so-called  wood  reactionii,^n  violet  colour  with  phloro- 
glncin  and  hydrochloric  acid,  a  yellow  colour  with  aniliu  snlphate.  With 
chloroiodido  of  ):iuo  a  lignifitd  cell  wall  bBcomca  yellow,  not  blue. 

Suberiaed  cell  walla  take  a  yellowish  brown  colour  with  chloroiodide  of  ranc ; 
with  caustic  potash,  a  yellow.  VaK  WibiiELINgh  liaa  lately  diiiputed  the  preaeAce 
of  celluloae  in  subcrised  cell  walls,  and  regards  the  cork  sulwtancc  or  srBEKlK  oa 
a  fatty  body,  which  is  composed  of  glycerine  eaters  and  other  compound  esters,  aa 
well  as  of  one  or  more  other  substuncea  which  are  infusible,  insoluble  iu  chlorofomi, 
and  decomposed  by  a  solution  of  caustic  potash. 

CUTiNisATiON,  which  is  similar  to  but  not  identical  with  siiberisa- 
tion,  is  usually  due  to  the  subsequent  deposition  of  cutia  in  cellulose 
cell  walls. 

Van  Wishbmnoh  has  show 
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While  aft«r  lignjfication  cell  walls  are  still  permeable  to  both 
wat«r  and  gases,  euberiaation  or  cutinisatiou  renders  them  impervious. 
Accordingly,  suberised  and  cutiuiBed  cell  walls  are  found  especially  in 
the  surface  of  plants,  as  a  means  of  protection  and  preservation. 

The  layers  of  the  cell  walls  of  some  cells,  particularly  the  super- 
ficial cells  of  certain  fruits,  as  of  Sage,  and  of  numerous  seeds,  euch  as 
Flax  and  Quince  seeds,  become  mucilaginous,  and  swell  in  water  to  a 
slime  or  vegetable  mucus,  which,  according  to  G.  Klebs,  serves  the 
purpose  of  attaching  the  seeds  to  the  soil.  The  internal  cells  of  some 
leguminous  seeds  with  a  mucilaginous  endosperm,  such  as  the  seeds  of 
the  Carob  tree  {Ceraimtui  SUujiia),  have  similar  mucilaginous  layers, 
which  serve  as  reserve  substance.  Firm  cell  walls  can  also  lie  trans- 
formed into  CUM,  as  is  so  often  apparent  in  Cherry  and  Acacia  trees, 
portions  of  whose  woody  cells  often  succumb  to  GfMMosi.s. 

Th(^  several  varieties  of  guma  and  vegetable  mucus  reset  dilTerently,  oecurd- 
iiig  4a  the;  are  derived  from  cellulose,  calloHc,  peutose,  or  from  allied  BUbatanues. 
According  to  Uakgin  tliey  may  be  niicrocheniically  diatinguiahed  by  their 
reaction  with  rutbeniuin  red,  wliioh  staioa  only  such  sa  are  derived  fVom  pectose 
«r  related  substuiceB,  such  as  the  mncilsgv  of  the  areda  of  the  Criifi/erat  and 
QuUice  iCj/dimia),  the  mucus  colls  of  the  ItcUveac,  the  gums  of  the  Cherry  and 
Acacia,  the  guni  tragacanth  from  AntrBi/aliis  i/uinmi/n-.  The  muous  of  Orchid 
tiibcra,  on  the  tithrr  hand,  ts  iclated  to  cellulose,  uid  remains  uncoloured  with  the 

Th»  cell  walls  of  the  needs  of  many  Palma,  as  also  those  of  Onithogalam 
(7^.  M),  havoatronglydeveloi>ed  thickening  layort,  which  are  full  of  pita.  Theae 
tliickvning  layers  are  Instrous  white,  and,  as  in  the  case  of  the  seeds  of  the  Paltn, 
fKyttte^uu  maeratarpa,  may  attain  such  a  degree  of  hardness  as  to  he  technically 
valtiable  as  vegetable  ivory.  Such  thickening  layers  may  contain  other  corbohyd- 
tates  in  addition  to  cellulose;  thus  the  cell  walls  of  the  seeds  of  Tnjpatulum  and 
Pnnntifa  conlniu  an  AltVLoll),  which  turns  blue  even  with  iodine  atuue.  These 
tbiekening  layers  are  dissolved  during  germination,  and  are  accordingly  to  be 
eunsidervd  >w  a  reserve  substance  oftlie  seeds. 

Cell  walla  often  become  coloured  by  tannin  or  derivative  sub- 
I  Kances  -,  in  this  way,  for  instance,  the  dark  colour  is  produced  which 
l  it  often  seen  in  the  shells  of  seeds  and  in  old  wood.  The  colours  of 
I  the  woods  of  economic  value  are  due  to  such  discoloured  cell  walls. 
I  Inorganic  substances  are  often  deposited  in  large  quantities  in  old  cell 
I  Wnlls.  Among  such  substances  calcium  oxalate  is  often  met  with, 
I  commonly  in  crystal  form;  also  calcium  carbonate,  although  pofba{» 
Hit  io  frequeully.  In  the  cystoliths  of  /"iriu  elailica  (Fig.  88)  so  much 
sUcium  carbonate  is  dcgjosiled  that  it  effervesces  with  hydrochloric 
I  acid.  In  many  plants,  as,  for  instance,  most  of  the  Cliai'aetae,  the 
I  quantity  of  calcium  carbonate  in  their  cell  walls  is  so  gi-eal  aa  to 


render  them  stiff  and  brittle.     Silica  is  abo  present  in  the  superficial 

cell  walls  of  the  Gramintae,  Equiselaceae,  and  many  other  plants. 

Cell  Forms. — As  cytoplasm  is  a  viscous  fluid,  and  would  tend,  if 
unimpeded,  to  t^ke  a  spherical  shape,  it  may  be  assumed  that  the 
natural  and  primary  form  for  cells  is  spherical.     Such  a  shape,  how- 
ever, could  only  be  realised  by  cells  which,  in  their  living  condition, 
were  completely  free  and  unconfined,  or  in  such  as  were  able  to  ex- 
pand freely  in   all   directions.      Newly-developed  cells,  which  are  in 
intimate  union,  are,  at  first,  always  polygonal.     Through  subsequent 
growth  their  shape  may  change.      The  cubical  cells  of  the  growing 
point  either  elongate  to  a  prism  or  remain  short  and  tabular.      If  the 
growth  is  limited  to  certain  definite  points, 
and  is  regular,  they  become  st«llate  ;  if  iire- 
gular,  their  outline  is  correspondingly  nn- 
symmetrical.      In  consequence  of  energetic 
growth   in    length,  fibre-like,  pointed  cells 
are  developed.      If  the  walls  of  such  cells 
become  much  thickened,   they   ore   called 
SCLERENcm'MA  fibres  (Fig.  90,  A).     These 
show  diagonal  markings,  due  to  their  elon- 
gated pits,  which  are  generally  but  few  in 
number.     When  fully  developed,  the  living 
contents  of  such  cells  are  email  in  amount  and 
frequently  they  contain  only  air.    In  the  last 
case,  they  merely  act  as  mecliauical  supports 
for  the  other  parts  of  the  plant.    Cells  some- 
what similar,  but  shorter  and  considerably 
wider,  not  sharpened  at  the  ends,  and  pro- 
vided with  bordered  pits,  are  called  TRa- 
CHKiDS   (Fig.  90,  B).      The  tracheids,  in 
their  fully  developed  condition,  never  have 
any  living  contents,  but   serve  as  water- 
carriers  for  the  planL     So  long  as  they 
remain  active,  they  contain  only  water  and 
isolated  air-bubhlcs ;  their  active  functions 
afterwards    cease,    and   they  become    filled 
udth  air.      Tracheids,    which   are  specially 
*'''iib™ 'ii''»*iiiilHT-''^('^^^^^^         elongated,  and  at  the  same  time  have  only 
■  r>].iri]'in><'iiiM<):  D^  jart  of »   a  narrow  lumen,  and,  like  the  sclcrenchy- 
Uii^itui"'.    {.J,  /;,  (,',  >,  lou;  D,   matous    fibres,    serve    merely    mechanical 
X  .-in-ii  i.u.)  purposes,  are  known  as  fibre  tracheids. 

Very  long  tracheids  with  a  wide  lumen  and  thin  walls,  functioning, 
like  typical  tracheids,  as  water-carriers,  are  distinguished  as  vasifonn 
or  VASCULAlt  TRACHKlRs.  They  arc  characterised  by  the  annular,  spiral, 
or  reticulate  markings  of  their  thickening  layers,  and  may  also  be 
provided  with  bonlered  pits. 
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The  thickening  Uyers  of  sclerenchyma  fibres  may  be  either  lignified  or  un- 
lignified ;  those  of  tracheids  are  always  lignified.  The  characteristic  thickened 
walls  of  the  vasiform  tracheids  serve  to  sustain  the  pressure  of  the  surrounding 
living  cells. 

Of  all  the  cells  in  the  more  highly  organised  plants,  the  latex  cells 
or  milk  cells,  also  spoken  of  as  latex  tubes,  attain  the  greatest  length. 
In  the  Euphorhiaceae,  Urticaceae,  Apocyneae,  and  Asclepiaddceae  they  arise 
from  cells  which  are  already  differentiated  in  the  embryo.  Grow- 
ing as  the  embryo  grows,  they  branch  with  it  and  penetrate  all  its 
members,  and  may  thus  ultimately  become  many  metres  long.  The 
latex  cells  themselves  have,  for  the  most  part,  unthickened  smooth 
elastic  walls  which  give  a  cellulose  reaction.  They  are  provided  with 
a  peripheral  layer  of  living  cytoplasm  and  numerous  nuclei.  Their 
sap  is  a  milky,  usually  white  fluid,  which  contains  gum-resins,  i,e,  a 
mixture  of  gums  and  resins,  caoutchouc,  fat  and  wax  in  emulsion. 
In  addition,  they  sometimes  hold  in  solution  gums,  tannins,  often 
poisonous  alkaloids,  and  salts,  especially  calcium  malate,  also,  in  the 
case  of  Ficus  Carica  and  Carica  Papaya^  peptonising  ferments.  In  the 
latex  cells  of  the  Euphorhiaceae  there  are  also  present  in  the  latex 
peculiar  dumb-bell-shaped  starch  grains.  On  exposure  to  the  air  the 
milky  sap  quickly  coagulates.  In  the  adjoining  figure  (Fig.  90,  D) 
is  shown  a  portion  of  an  isolated  latex  cell  dissected  out  of  the  stem 
of  an  Asclepiadaceous  plant,  Ceropegia  stapelioides. 

Special  cells,  which  differ  in  form,  contents,  or  in  their  peculiar 
wall  thickenings  from  their  neighbouring  cells,  are  distinguished  as 
IDIOBLASTS.  If  strongly  thickened  and  lignified,  they  are  called  sclerotic 
cells  (stone  cells)  or  sclereids.  They  generally  contain  some  secreted 
substance.  In  a  previous  figure  (Fig.  80)  an  idioblast,  containing  a 
bundle  of  ra,phides,  is  represented.  Idioblasts,  resembling  tracheids 
and  functioning  as  water  reservoirs,  are  found  between  the  chlorophyll- 
containing  cells  in  the  leaves  of  some  of  the  Orchidaceae, 


Cell  Fusion 

Cell  fusion  occurs  much  less  frequently  in  plants  than  in  animals. 
Yet  in  all  sexually  differentiated  plants,  just  as  is  the  case  in  animals, 
fertilisation  depends  for  its  consummation  on  the  fusion  of  living  pro- 
toplasts. A  fusion  occurring  between  naked  cells  has  already  been 
noticed  in  describing  the  formation  of  a  plasmodium  by  the  Myxomy- 
cetes  (Fig.  52).  When  the  hyphse  of  Fungi  touch  one  another,  theii- 
walls  are  often  absorbed  at  the  point  of  contact,  and  the  living  contents 
of  two  different  hyphae  become  united.  In  higher  plants  a  similar 
fusion  takes  place  in  latex  vessels  and  in  sieve- vessels.  Latex  vessels 
have  the  same  structure  and  contents  as  latex  cells.  Their  occurrence, 
like  that  of   latex  cells,  is  limited  to  a  few  distinct  plant  families, 
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such  as  the  Pajxiverace'te,  of  which  the  Poppy  (Pa^Mvirr)  or  CelaiidinQ 
(CkeluJoniuiii),  with  its  characteristic  orange-coloured  "  sap,"  are  familiar 
examples,  or  the  Composite,  of  which  in  particular  the  Lettuce  (Lachien) 
may  be  cited.  Latex  vessels  are  distinguished  from  latex  cells  only 
by  the  method  of  their  development,  which  has  resulted  from  the 
fusion  of  rows  of  elougated  cells,  the  sejmratiug  transverse  walla  of  which 
have  become  more  or  less  completely  absorbed.  In  this  manner  a  net- 
work of  latex  vessels,  such  as  that  in  the  Spanish  Salsify  {Scarsoiurra 
hispanica),  may  be  formed  (Fig.  91).  In  the  formation  of  the  sieve- 
VESSELS,  or  sieve-tubes  as  they  are  usually 
termed  (Fig.  92),  the  cell  fusion  is  much 
leas  complete.  It  is  confined  to  fine  canals, 
which  j>erforate  the  cross-walls,  which  are 
known  as  .sieve-plates.  The  cells  thus 
united  by  the  sieve-pores  remain  as  distinct 
segments  of  the  sieve- vessels.  It  is  worthy 
of  special  note  that,  despite  the  fact  that 
after  the  nuclei  of  the  different  sieve-tube 
segments  l}ecome  disintegrated,  their  cyto- 
plasm still  continues  living.  The  walls 
of  sieve-tubes  are  always  iinlignified. 
Their  sap  cavities  contain  a  watery,  and 
more  or  less  diluted,  solution  of  albumin- 
ous substances,  which,  by  means  of  the 
pores  of  the  sieve-plates,  may  pass  from 
one  segment  of  the  sieve-tube  to  another. 
As  a  rule,  small  starch  grains  may  also 
be  found  in  the  sievc-tul>ea.  The  pores 
of  the  sieve-plates  never  attain  great 
th^KtrnT'lrf  dimensions  (Fig.  92,  B,  D),  and  are  gener- 
,  ihowino  re-  ally  extremely  small.  Sieve-plates  are 
«t*K  vcsaeis.  aonietimes  found  also  in  the  lateral  walls 
of  the  sieve-tubes,  and  the  sieve-pits  per- 
mit communication  between  adjoining  sieve-tubes.  Such  lateral  sieve- 
plates  are  frequent  in  the  Conifers  (Figs.  85,  93).  As  &  rule,  sieve- 
tubes  only  remain  functional  for  a  short  time.  After  their  activity 
ceases,  the  sieve-plates  become  invested  with  the  strongly  i-efractivs 
CALLUS-PLATE.S  (FigB.  92  C,  93  B)  abeady  referred  to  (p.  80)  in  dis- 
cussing callose. 

A  cell  fusion  also  takes  place  in  the  formation  of  vkssbl^  or 
tbache.e,  but  it  should  not  be  considered  as  a  union  between  living 
cell  bodies,  but  merely  as  oae  between  cell  cavities,  The  vessels  ar« 
formed  by  the  absorption  of  the  transverse  walls  of  rows  of  ceUa^ 
the  lateral  walls  of  which  are  i»eculiarly  marked  by  spiral  or  reticulatft 
thickenings,  or,  as  is  more  frequently  the  case,  by  bordered  pit*.  la 
cases  where  the  transverse  walls  are  at  right  angles  to  the  side  wall^ 
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they  usually  become  perforated  by  a  single  round  oi>ening  while  the 
rest  of  the  wall  remaiDs  as  a  thickening  ring  (Fig.  86,  6").  When  the 
transveree  walls  are  oblique,  they  are  then  perforated  by  several  open- 
ings, between  which  portions  of  the  wall  remain,  like  rungs  of  a  ladder 
(Fig.  94,  q).  According  to  the  mode  of  their  wall  thickening,  vessels 
are  distinguished  as  spiral,  reticulate,  or  pitted.  When  the  trans- 
versely-elongated pits  of  a  vessel  are  arranged  in  more  or  less  parallel 
rows  (Fig.  94),  it  is  called  a  scai^riforh  vessel.  The  thickening  of 
the  vessel  walls  is  always  lignified.     The  living  contents  of  the  cells. 


aft«r  the  perforation  of  the  transverse  walls,  become  completely 
absorbed,  and  the  fully-formed  vessels  or  trachefe  contain  only  water 
and  a  limited  amount  of  air. 

rharv  b  no  dilTvrcnie  1)«tw«ni  Tsairorm  trftcheidg  nod  v«K»elg  other  than  that 

L  the  fnnneT  are  MDgle  etougatcd  oella,  and  tbo  Utter  f^sed  cell  rows.     GeDerallf 

•ptaking,  tracheidfl  are  fomiMl  in  ]iartB  of  jilanU  atiU  in  ]ir«:Esii  of  eluugation, 

\   VMaela  in  parts  wb«r«  growth  in  length  has  already  ueued.     True  TewelH  make 

J   thvlr  ftn>t  ajipearance  in  unnie  of  the  Fcnu,  for  instance,  in  the  common  Brackrn 

y  IFlerit  oguilina).     In  the  maiu.  despite  the  name  Vauular  Cryptogsnu,  Ferns 

■  ualy  vaaifonn  tracheide.     Evi'n  in  tlie  Gymnospenns  tlio  Gnilacnu  are  the 

\   mily  family  regularly  provided  with  vesuels.    It  in  in  the  Angioapcmiii  that  vessels 

bat  linootne  of  frequent  occurrenec.     VcBBela  are  not  of  in  unlimited  length.     A 

lew  plants  however,  suoh  an  tlii'  Oak.  and  especially  climbing  woody  plauts,  as  the 

Iilanro,  have  vcMels  several  metres  long  :  hut,  a*  a  rule,  their  length  is  not  more 


than  &  metre,  and  in  plants  the  woody  portion  of  which  coDdnets  water  only  bj 
vessela,  the  ve«aeb  liiive  an  average  length  of  only  t«n  centimetres.     The  length  of 


~K^  ^1.— Lower  tlilnl  oT  a  acalui- 
fonii  rewel  from  the  rbiianie  ot 
tlie  coiunioii  Brukan  Farn, 
Plrrii  ibiniljiw.  I,  TiBnivenel; 
rlongited    pit*   I 


an  individual  vessel  is  defined  by  tlie  prc^i 
perforated  except  by  bordered  [lits. 


letennlnalnlL  (After 
,  XM.) 

e  vbIIh,  which  are  no 


A  continuoiiB  itggregation  of  cells  in  intimate  union  ie  culled  « 
tissue.  The  origin  of  vegetable  tisaueB  is,  in  general,  attributable  to 
cell  division.  It  is  only  in  the  Fungi  and  SipKontae  that  a  tissue 
arises  through  the  interweaving  of  tubular  cells  or  cell  filaments  (Figa. 
95,  OG).  In  Bucli  cases,  where  the  filaments  are  so  closely  intei^ 
woven  OS  to  form  a  compact  mass  of  cells,  the  apparent  tissue  thus 
formed  has  the  same  appearance  as  the  tissues  of  higher  plaots 
<Figs.  97,  98). 

The  mutual  interdependence  of  the  cells  of  a  tissue  is  manifested 
both  by  the  conjunction  of  their  pita  (Figs.  81,  83,  84),  and  by  the 
general  similarity  of  their  wall  thickenings. 

The  PROTOPLASTS  OF  MOST  fKLLS  AUK  DIRECTLY  OONNECrKD  WITR 
ONE    ANOTHER    BY    WEANS    OF    EXTREMELY     DELICATE    THREADS    OF 
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(.VTOPLA^M      These  cytoplasmic  threads  ]ienetrAte  l)ie  cell  walls,  and 

in  particular  the  partition  membraneB  of  their  pits  (Fig   19)      lb  may 

be  inferred  that  the  Lomlnction  of  atimuli 

from  one  cell  to  anothei  ib  earned  on  by 

means    of    these    cytoplasmic    conn<,ctions 

\  lewed  thus,  the  ^rhole  plant  becomes  a 

liMiig  unit      Between  cells   having  such    i 

c}  toplasmic    connections    and   a   fusion  of 

leWa,   such   as  a  sieve  tube    there  is   little 

distinction      In  this  sense  a  »hole   plant 

f  mis  a  single  cell  fusion  altbongli  incom 

plete  and  limited  by  cell  walls 

The    cells  in   a  tissue  maj    either    fit 

close]}    together    leaving    no  openings    or 

spaces  or  so-called  IMERCELLULAR  spai  ES 

(iNTERtKLLULARs)    may    be    left    between 

the  individual  cells 

Where    cell   hlaments    ire    interwoven   tn    i^— LuuKitxiinoi  a^tlu      r 
I  a  tusue,  their  intercelluUi  spaces  are      ti  c  nuik  of  thn  fnipiinmti     of 
_       mted  by  the  openinf,B  left  between 
fTiha  loosely  in tei-t wined  filaments  (Figs   95,  96)      In  tissues  resulting 

from  cell  division  the  intercellular  spaces  anse  subse'iuently,  as  the 


partition  wall  between  two  cells  formed  by  cell   division   originally 
belonged  to  both  mutually. 

Such  a  partition  wkII  aiay  ultimately  split  and  BO  give  rige  to  intercellular 
•{•CM,  bat  this  only  oci^ura  afW  it  has  b«en  thickenMl.  The  cause  or  saoh 
■putting  U  to  be  foniui  tu  tlic  hydrostatic  prossiire  existing  within  the  oolU,  and 
thcii  coDMqncnt  tendeiicy  (o  auntnc  a  apiieriual  shapv.  The  formation  Of  inter' 
oftlnlar  space*  commencvH,  thiTerorv,  at  the  cell  comers,  where  the  primary  wall, 
coaiiiiling  of  pectiiiosc  material,  bwomes  swollen. 

simplest  and  at  the  same  time  most  freijuent  intercellular 


Bpaces  are  triangular  or  quadrangular  in  outline,  ae  seen  in  cross- 
section  (Figs.  81  (',  87  i).  In  cases  where  special  portions  of  adjoin- 
ing cells  are  in  extremely  energetic  growth,  intercellular  chambere  and 
passages,  of  more  or  less  irregular  sha|>e,  may  be  formed  between 
them.  If  the  growth  of  adjoining  cells  is  very  unequal,  it  may  lead 
to  a  complete  separation  of  their  cell  walls : 
or  the  cells,  or  even  a  whole  system  of 
tissues,  may  be  stretched  and  torn  apart. 
It  is  by  such  a  process  that  hollow  stems 
are  formed.  Intercellular  spaces  arising  from 
a  splitting  of  adjoining  cell  walls  are  accord- 
ingly termed  schizocenic;  those  formed  hy 
tearing  or  dissolution  of  the  cells  themselves 
are  called  LYHiGENlC  INTERCELLULAR  spaces. 
Most  intercellular  spaces  contain  only  air, 
although  in  special  instances  they  may  con- 
tain wat«r  or  excreted  products,  such  as 
gum,  mucilage,  resin,  or  ethereal  oils,  and  in 
other  less  frequent  cases  latex.  Schizogenic 
intercellular  spaces  are  usually  filled  with 
air,  while  the  lysigenic  spaces  contain  almost 
r  excretion  products. 


oftiiBoortic»ieeiiflofW(r(i.»  always  either  water  o 

Oluiubr,  iflrr  liTSltiieut  with 
oblmoiixtiilo  of  lino  lud  me-  Of  the  achizogenic  inCcrcpUuIar  B|nc<>s,  those  fiUfd 
thylwm  Wiie  to  «bDw  uw  cyto-  with  etliereal  oils  or  reain,  on  Mcouot  of  their 
the"tt[l«"""(Aft"r'  K^Ksrw-  f'^q""""!!'.  should  te  paiiicularly  notiead.  Short 
GiKmrr.  X  ttoo.)  ciavtties  &nd  longer   p&ssages,  or  dueta,   cDntaintng 

ethereal  oils,  ate  to  be  found  id  the  itrmt,  roota, 
and  luBvea  of  numerous  plant  familieB,  Tlit*  Uinbclti/erae  ttre  oBpecially  rich  in 
theae,  and  the  oil-ducts  form  the  chiiractiirisUu  markings  (vittee)  on  their 
IrnitH.  The  Conirers  are  especially  characterised  Ity  reEJn'duoti  <Fig.  13S,  k), 
which,  even  during  their  fotmation  by  the  sejaration  of  the  cell  walls,  Mem  to  fill 
with  an  excretion  fnna  the  cells.  The  enlargement  at  auoh  inteniellnW'  apaoca 
ia  accompanied  by  a  division  of  the  siurounding  cells,  the  number  of  which  ia  tlina 
oorreapondingly  increaaed.  The  veils  themselviis  remain  thiu-tralled,  Knd  in  qIom 
contact,  hut  bulge  out  somewhat  into  the  ducta.  Lysigenic  intcrcellnlar  apacM, 
acUug  u  receptacles  for  secretions,  have  the  appearance  of  irregular  caviUce  in  tba 
titsue.  Where  tbey  contain  oil  ur  resin,  tlioy  develop  from  a  group  of  cells  in  whioli 
these  substances  appear  in  the  form  of  dro[>g.  The  cell  group  then  l)ecomin  dia- 
organised  by  the  gradual  absorption  of  the  cell  walla,  beginning  nith  thoae  ot  th« 
cells  io  the  centre  of  the  group.  In  this  way  are  formed  the  receptaclee  filled  nith 
ethereal  oils,  aa,  for  example,  those  in  Dicliiiaaim  ^Itulaixae),  (Fig.  116),  and  in 
AvratiUtat,  an  in  the  Onnge  and  ]>raciD.  The  exudation  of  rssin,  in  the  cMa 
of  ooDiferoas  trevs,  is  preceded  by  the  formation  of  abnormal  tisauea,  which  after- 
wards become  converted  into  resin.  Such  was  also  the  origin  of  smber,  which  ia 
the  fossil  resin  of  the  Amber.fir  {JVcen  »uwi»\fefa).  The  formation  of  gum  in 
lysigenic  gum  cavities  ia  due  to  the  modification  of  the  cell  uolls,  and  either 
DOTDial  tisanes  partici|«te  in  this  process,  as  in  the  case  of  the  guni-arabie  ol 
the  Aoacin,  or  abnormal  tissues  nr-'   lirfl  d('vi'lo]H'd  und  then  traueformwl   into 
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gum,  u,  for  ejirunpU,  the  giiin  on  Cherry  trees.     Latei  does  not  occur  in  iysigemc 
intercdlaUr  apif  rs. 

The  wpiniting  walls  resulting  from  cell  division  «re  simple  UmellBe.  That 
pu-t  or  the  iwrtitioD  wall  between  two  uelU  wbioli  ^taudii  out  so  distinctly  in 
k  crom-aection  doea  not  consist  of  the  original  primary  cell  wall  alone.  It  is 
mads  np  or  both  the  primary  wall  and  the  primary  thickening  layers,  and  is  called 
tbe  MiDliLB  LANEl.l,A  (Figs.  SI  m,  83  "•).  In  aoR  tiasues  the  middle  lamella, 
■ecuKling  to  MA\atN,  is  cam])osed  of  pectose  combined  with  calcium  [cslciuia 
ptvtate) ;  in  woody  and  corky  tissues  it  ha*  the  name  composition,  but  is  aho 
lignified.  By  boiUug  soft  tisaueH  in  water,  tbe  cells  may  often  be  easily  isolatod 
through  tliB  <.-onsequeDt  swelling  and  disHolntion  of  the  middle  lamella.  In  ripe 
fruit,  an  isolation  of  the  eells  frequently  takes  place  spontaoeously,  through  the 
dissolntiun  of  tlie  middle  lamella.  A  lignified  middle  lamella,  on  the  other  hand, 
wemB  able  to  withstand  mure  eirectually  the  action  of  oxidising  agents.  Consc- 
qnently,  it  is  jioesible,  by  subjecting  a  sootion  of  jilne-wDod  to  tbe  action  of 
Scbi'lxk'h  tuCEKATtKa  HiXTOHE  (potaBslum  chlorate  and  nitriu  acid),  aud  subse- 
(|aentlj  treating  with  concentrated  tiulphuric  acid,  to  reniove  all  secondary  and 
tertiary  thickening  layers,  so  that  only  the  middle  lamelLe  remain  as  a  delicate 
network.  If  the  macerating  process  be  continued  for  a  longer  time,  without  the 
inbse<|uent  treatment  with  sulphuric  auid,  the  middle  lamellie  become  finally  dis- 
Mlred.  Tbs  thickeaiug  layer  will  theu  be  left  frei'  (rom  all  lignification,  and  will 
In  tbat  condition  give  the  blue  cellulose  reaction  with  chloroiodide  of  zinc  (p.  SO), 
ficHCUEB's  macerating  method  may  accordingly  be  employed  to  isolate  the  elements 
dI  lignifSed  tisaues.  Tbe  ineiplicable  attitude  of  the  middle  lamella  towards 
clieniical  rngeuts  gave  rise  at  one  time  to  the  presumption  of  a  i)eculiar  inter- 
Mllular  anbatanoe  which,  like  a  glue,  bound  together  the  calls  of  a  vegetable 
tisme.  The  supplementary  deposition  of  pectose  in  the  middle  tamollie  (p.  80] 
frequently  gires  rise  to  the  formation  of  rod-like  protuberances  and  excrescences, 
vhich  project  into  tbe  intercellnlar  spaces,  or  these  spaces  ,may  be  filled  up  by  the 
fixnuitioii  of  gussets  (Fig.  83,  C,  m*).  The  yellowish  brown  colour  aaaumod  by  tbe 
pwtose  deposited  on  the  walls  of  intercellular  >j[iaces,  on  treatment  with  chluroiodidB 
of  due,  led  to  tlie  erroneous  supi-oaition  that  the  intercellular  spaces  iu  planta  were 
lined  by  a  thin  layer  of  living  cytoplasiri. 

Vegetable  tissues  may  be  divided  into  two  groups,  parkmlhyma 
and  PBoaENcavMA,  between  which,  however,  no  sharp  distinction 
cut  be  made.  A  typically  developed  parenchymatous  tissue  is  one  in 
which  the  thin-walled  cells  are  equally  expanded  in  all  directions,  and 
are,  for  the  most  part,  rich  in  protoplasm.  Typical  proseucbymatous 
tissue,  on  the  other  hand,  consists  of  thick-walled,  elongated  cells,  either 
in  the  form  of  fibres  or  spindle-shaped  cells,  with  interlocking,  pointed 
ends,  and  with  little  or  no  protoplasmic  contents.  A  parenchymatous 
tissue,  in  which  the  cells  are  thick-walled  and  elongated,  resembles  pros- 
cDcbyma,  but  may  be  distinguished  from  it  by  the  absence  of  pointed 
evil  terminations,  and  especially  by  the  greater  abundance  of  protoplasm. 
Thin-walled  prosonchyma  is  not,  on  the  other  hand,  necessarily  lacking 
in  protoplasm,  but  is  characterised  by  its  pointed  and  interlocking  cells. 

Ad  undifferentiated  tissue,  the  cells  of  which  arc  still  capable  of 
diviaicHi,  is  termed  embryonic  tissue,  or  urrisiem.  The  merislem  of 
embryonic  rudiments  and  of  tbe  growing  ]>oint  is  called  I'IIiimkrjstkm, 
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and  all  meristematic  tissue  which  can  be  shown  to  have  been  developed 
directly  from  such  promeristem  is  termed  primary.  A  primary 
meristem,  iti  the  midst  of  a  completely  developed  tissue,  may  still  retain 
its  meristematic  character.  Fully  differentiated  tissue  is  designated 
PERMANENT  tissue  in  contrast  to  meristematic  tissue.  At  times,  per- 
manent tissue  may  again  become  capable  of  division,  and  in  that  con- 
dition is  called  secondary  meristem. 


Tissue  Systems 

A  mass  of  tissue  so  united  in  the  body  of  a  plant  as  to  form  a 
distinct  histological  unit  constitutes  a  tissue  system.  In  the  more 
highly  organised  plants  three  such  systems  may  be  distinguished — ^the 

TEGUMENTARY    SYSTEM,     the     VASCULAR     BUNDLE    SYSTEM,     and     the 
fundamental  TISSUE  SYSTEM. 

The  tissues  which  make  up  the  different  tissue  systems  are  dis- 
tinguished as  PRIMARY  and  secondary,  according  as  they  are  derived 
from  the  promeristem  or  secondary  meristem. 

The  PRIMARY  TISSUES  of  the  tissue  systems  will  be  considered  first 


The  Primary  Tissues 

The  Tegumentary  System. — InthePteridophytes  and  Phanerogams 
the  plant  body  is  covered  by  a  distinct  outer  tegument  or  epidermis. 
On  the  inside,  the  epidermis,  which  is  usually  composed  of  but  a  single 
layer  of  cells  (Fig.  87,  e),  is  sharply  marked  off  from  the  adjoining 
tissue,  while  on  the  outside  it  is  much  thickened.  This  is  especially 
the  case  in  all  aerial  parts  of  plants  adapted  for  a  long  life,  but  on  the 
more  perishable  parts  of  a  plant,  such  as  the  floral  leaves,  or  on  those 
parts  more  protected,  as  the  root,  the  cells  of  the  epidermal  layer  are 
generally  thin -walled  or  only  slightly  thickened.  Even  when  the 
external  walls  of  the  epidermal  cells  are  considerably  thickened,  the 
side  walls,  at  least  in  part,  remain  unthickened.  The  external  walls 
are  also  more  or  less  cuticularised,  while  their  outermost  layer,  which 
is  more  decidedly  cuticularised  and  capable  of  withstanding  even  the 
action  of  concentrated  sulphuric  acid,  extends  as  a  CUTICLE  continuously 
over  the  surface  of  the  epidermis.  The  cuticle  has  its  origin  in  the 
primary  walls  of  the  younger  epidermal  cells,  which,  during  the  increase 
in  size  of  the  plant,  become  very  much  distended  and  at  the  same 
time  strengthened  by  the  deposition  of  cutin.  The  cuticle  frequently 
becomes  folded,  and  so  assumes  a  striped  appearance  (Fig.  107). 
Plants  in  dry  climates,  or  so  situated  that,  for  any  reason,  transpiration 
from  their  outer  surfaces  must  be  diminished,  are  characterised  by 
the  extraordinarily  thickened  and  cuticularised  walls  of  their  epi- 
dermal cells.     In  some  of  the  Gmmiaeaey  Equisetaceae,  and  many  other 
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plants,  the  cell  walls  of  the  epidermis  are  silicified.  In  the  Equisetaceae 
the  impregnation  with  silica  is  so  considerable  that  these  plants  are 
used  for  polishing.  Heating,  even  to  redness,  does  not  destroy  the 
structure  of  such  silicified  epidermal  cells. 

Deposits  of  wax,  as  De  Bary  has  shown,  are  also  present  in 
the  cutinised  layers  of  the  epidermis,  and  consequently  water  will 
flow  off  the  epidermis  without  wetting  it  The  wax  is  sometimes 
spread  over  the  surface  of  the  cuticle  as  a  wax  covering.  This  is  the 
case  in  most  fruits,  where,  as  is  so  noticeable  on  plums,  it  forms  the 
so-called  bloom.  The  wax  coverings  may  consist  of  grains,  small  rods, 
or  crusts. 

On  the  nodes  of  many  Gf^raynineae  the  rod-shaped  wax  bodies  have  a  consider- 
able length  (Fig.  100).     The  wax  deposits  attain  their  greatest  thickness  on  the 
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Fig.   100.  -  Transverse  Hection  or  a  node  of  the  sugar-cane,  Saccharum  officinammy  showing  wax 

incrustation  in  the  fonn  of  small  rods.    (  x  540.) 

It^aves  of  some  of  the  Palms  ;  on  the  Peruvian  Wax  Palm,  Ceroxylon  andicolay  the 
wax  covering  is  more  than  5  mm.  thick.  This  wax,  as  well  as  that  obtained  from 
the  fruit  of  Myrica  ceriferay  is  known  as  vegetable  wax,  and  possesses  an  economic 
value.  The  wax  incrustations  may  be  melted  by  heat ;  they  are  soluble  in  ether 
and  in  hot  alcohol.  In  many  cases,  in  place  of  the  wax  coverings,  small  grains  and 
scales  of  a  fat-like  substance,  which  is  soluble  even  in  cold  alcohol,  are  excreted 
from  the  hairy  surface  of  the  epidermis.  The  dusty  coverings  thus  formed  appear 
either  mealy  white  or  golden  yellow,  and  are  the  cause  of  the  striking  appearance 
of  the  Gold  and  Silver  Ferns,  especially  in  species  of  Oymnogramnu. 

In  many  Ferns  groups  of  slightly  thickened,  epidermal  cells  are 
distributed  over  the  leaves.  These  cells  are  richly  supplied  with 
contents,  and  exude  drops  of  watery  fluid.  Cells  of  this  nature,  which 
thus  serve  the  purpose  of  exuding  or,  at  other  times,  of  absorbing 
water,  have  been  termed  hydathodks  by  Haberlandt.  In  many 
other  cases,  slimy  or    sticky  excretions  are   produced  between    the 


thickening  layers  of  the  epidennia  and  tlie  cuticle  which  press  up 
the  latter  and  finally  burst  it.  Such  excreting  surfaces  often  occur 
inside  buds.  Sticky  zones  are  frequentlj  formed  on  stems,  as  in  the 
case  of  Lyrknis  ri.«wiii  anil  other  '>tkieae  as  a  meaaa  of  protection  to 
the  buds  higher  on  the  stem  from  unde  ir\ble  visitors.  Small  creep- 
ing insects,  which  would  otherwise  rob  the  flower*  of  their  honej 
seem  aa  little  ahle  to  pass  beyond  auch  a  sticky  zone  as  other  lar^  r 
animals  to  surmount  the  rings  of  tar  often  placed  around  the  trunks 
of  trees  for  a  similar  protective  purpo  e  Excreting  epi  lermal  urfaces 
form  also  the  nectaries  of  flowers,  which  by  means  of  their  sweet 
secretions  lure  such  animals,  general!}  inse  ts  as  are  instrumental  m 
their  pollination. 

The  cells  of  the  epidermis  are  in  unint  n-iipted  contact  with  each 
other,  and  the  general  firmness  of  the  whole  ej  idermis  is  also  greatly 
enhanced  by  their  undulating  si  le  w  ills  (Fi      101)      In  plants  intli 


tmUl  thi?  Dpper  aiilc  of  i 
aliiprirnfU.    (K300,) 


niil>  Fm.  1D3.— ttiirhicr  licn  of  the  B[Hil>niiii  rnn 

niri-  tli«  tmilcr  lidi-  nf  ■  iMlI  0[  /iHfialfiiu  farri- 

/nni.sliniitngHtoniatt.    (x  IM.) 

special  land  and  water  forms,  as  Bannnatliis,  the  epidermal  cells  of  the 
land  form  alone  have  the  undulating  side  walls.  In  the  delic&to 
epidermal  cells  of  flowers,  ridges  projecting  into  the  interior  of  the 
cells  are  frequently  formed  on  the  inner  siiie  of  their  side  walls 
(Fig,  107).  The  protoplasm  of  epidermal  cells  generally  appears  to 
bo  reduced  to  a  thin,  peripheral  layer,  and  the  sap  cavities  filled  with 
colourless  sap.  Around  their  niiclei  cluster  the  colourless  mdimeDta 
of  the  undeveloped  chromatophores,  showing  that,  although  ex- 
posed to  the  light,  their  further  development  may  cease  in  cells  not 
destined  to  take  part  in  the  assimilatory  processes.  Such  epidermal 
cells  with  undeveloped  chromatophores,  besides  acting  as  an  external 
protection,  serve  as  water-reservoirs  ;  their  side  walls,  by  means  of 
folds  in  the  unthickened  parts,  can  expand  and  collapse  as  a  bellows, 
according  to  the  variations  in  their  supply  of  water.  In  the  Ferns 
and  also  in  several  families  of  the  Phanerogams  the  division  of 
labour    between   the   epidermis    and    the   adjoining  tissue  is    not  so 
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strictly  carried  out,  and  the  epidermal  cells  contain  chloroplasts.  The 
epidermis  of  Impaiiens  parviflora  (Fig.  102)  has  tolerably  large  but 
only  slightly  green  chromatophores,  and  thus  occupies  an  intermediate 
position  between  the  two  extremes.  The  cell  sap  of  epidermal  cells  is 
often  coloured  red;  in  many  cases  it  has  been  demonstrated  that 
plants  thus  acquire  a  protection  from  excessive  illumination. 

The  formation  of  stomata  in  the  epidermis  is  characteristic  of  all 
parts  of  the  more  highly-developed  plants  which  are  exposed  to  the 
air.  Each  stoma  thus  forms  an  intercellular  passage  perforating  the 
epidermis  and  bounded  by  two  elliptical  epidermal  cells,  termed  guard- 
cells  (Figs.  103  Aj  104  A),     The  guard  cells  always  contain  chloro- 


Fio.  1(13.— Epidermis  trom  the  under  side  of  a  leaf  of  Iris  Jlorentina.    A,  In  surface  vi«\v;  li,  in 
transverse  section  ;  /,  vestibule ;  »,  opening  ;  r,  cuticle  ;  a,  respiratory  cavity,    (x  240.) 

plasts,  and  are  also  characterised  by  their  peculiarly  thickened  walls, 
which  form  ridge-like  protuberances  projecting  above  and  below  from 
the  sides  of  the  guard-cells  adjoining  the  air-passage  (Figs.  103  ^, 
104  B).  Midway  between  the  projecting  ridges,  on  the  other  hand, 
the  walls  of  the  guard-cells  remain  unthickened  (Fig.  105). 

The  giiard -cells  themselves  jut  out  into  the  air-i>assage  (Figs.  103  B,  104  -5, 
105),  and  thus  facilitate  its  closing.  In  addition,  the  external  thickened  walls  of 
the  two  adjacent  epidermal  cells  become,  in  some  cases,  suddenly  narrowed  on 
approaching  the  guard-cells  (Figs.  103  B^  105).  By  this  means  a  hinge-like  con- 
nection is  formed  which  renders  the  guard-cells  independent  of  tlie  other  e])ideruial 
cells.  At  other  times  this  same  result  is  accomplished  by  raising  the  stomata 
above   the  epidermis,  or,  which  has  the  same  effect,  by  sinking  them  below  the 


thickened  epidermal  walla.  Freqaeiitl;  the  epidermal  cells  a^j"''"'^  ^^e  guoid- 
cells  axe  leas  thickened  or  lower  than  Clie  other  cells  of  the  epidermis  (Fig.  101). 
Such  special  epidermal  cells  are  called  si'BSIDIAnv  CELLS. 

The  stomats  are  formed  by  the  division  of  a  young  epidermal  cell  into  two  cells 


uf  unequal  size,  one  of  wliicL,  the  smaller  and  more  abundantly  supplied  with 
protoplasm,  becomes  the  stoma  mother-cell;  H-hile  the  larger,  coutaJning  less 
protoplasm,    usually  continues  as   an  epidermal   cell.      The   stoma  mother -cell 


becomes  i-Uiptical  in  outline  and  divides  again,  by  a  vertical  wall,  into  the  two 
guard-cella,  between  which,  by  a  splittiug  of  the  wall,  thu  intercellular  passage 
is  formed.  Before  the  formation  of  the  deliuitive  stoma  motherKiell,  successive 
divisionii  of  the  young  epidermal  celt  often  occur ;  in  such  cases  the  finally 
developed  stoma  is  generally  surrounded  by  subsidiary  cells. 

Stomata  are  chiefly  developed  on  tlie  green  parts  of  plants,  but  are 
sometimes  found  even  on  the  coloured  Horal  leaves.  They  are  natur- 
ally found  in  greatest  numbers  on  the  leaves,  as  it  is  there  that  they  are 
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moBt  needed  to  facilitate  the  interchange  of  gases  necessitated  by  the 
processes  of  assimilation.  In  dorsiventnil  leaves  the  stomata  occur,  for 
the  most  part,  if  not  excluBivety,  on  the  under  surface,  and  average 
about  100  to  the  square  millimetre,  although  in  some  plants  their 
number  may  reach  700.  Leaves  which  are  alike  on  both  sides 
have  their  stomata  equally  distributed  on  their  upper  and  under 
surfaces.  Floating  leaves  of  aquatic  plants  have  stomata  only  on  the 
side  exposed  to  the  air.  In  some  cases,  as  iu  the  Oleander  (^i^ttHn 
Olaimier),  several  stom&ta  are  situated  together  in  depressions 
in  the  under  surfaces  of  the  leaves.  In  the  tissue  directly  under 
each  stoma  there  is  always  a  large  intercellular  air-chamber,  termed 
the  RESPiRATOET  CAVITY  (Fig.  103,  B,  a),  which  is  in  direct  com- 
munication with  other  intercellular  spaces  extending  throughout  the 
leaf  tissue.  In  plants  grown  in  abundance  of  moisture,  these  inter- 
cellular spaces  in  leaves  are  larger  than  in  the  case  of  plants  growing 
in  drier  situations. 

In  contrast  to  the  stomata,  which  as  air-pores  serve  for  the  inter- 
change of  gases,  a  few  plants  also  possess  water-stou\ta  or  water- 
pores,  situated  at  the  ends  of  the  so-called  veins  or  nerves  of  the 
leaves.  These  pores  serve  as  organs  for  the  discharge  of  water  or 
watery  solutions.  Calcium  carbonate,  in  solution,  is  frequently  excreted 
in  this  way,  and  in  many  species  of  Simfraga  it  forms  white  scales 
on  the  margins  of  the  leaves.  Although  water-pores  may  often  be 
found  at  the  apices  and  tips  of  the  marginal  teeth  of  yoimg  leaves, 
they  seem  to  dry  up  as  the  leaves  become  more  mature.  The  guard- 
cells  of  water-stomata  always 
lose  their  Living  contents  pre- 
maturely, and  thus  the  passage 
lietween  them  remains  con- 
tinually open.  The  water- 
stomata  {Fig.  106)  are  always 
larger  than  the  air-stomata. 
Although  submerged  leaves  of 
a(|uatic  plants  are  devoid  of 
air  -  stomata,  water  -  stomata 
often  occur  on  them. 

Hairs  or  trichoma  and 
tegumentary  outgrowths  or 
EMERGENCES  are  characteristic 
of  tlie  tegumentary  system. 
The  simplest  form  of  hairs  are  |. 
the  papilLjE,  which  are  merely 
epidermal    cells,    the  external       ""■■   *"-**■' 

walls  of  which  have  protruded  in  a  conical  form.  Papilla;  are  often 
developed  on  the  petals  of  flowers,  and  are  the  cause  uf  their 
velvety  appearance  (Fig.   107).     Longer  hairs,  such  as  the  roouhairs 


r),  are  also  correspondingly  long  prolongations  of  single 
epidermal  cells.     The  soft,  haity 
growths    found    in  young  buds 
are  generally  similarly  prolonged 
epidermal  cells  which,  as  a  pro- 
tective  covering,   surround   the 
,  young  growing  tissues  and  some- 
times remain  on  fully-developed 
dermis  Dtiiwut  of  planta  to  shield  them  from  too 
»-M,E(rHt.(or.showingridge-iikapraj8ctiou«fTOiii  nipij    evaporation   and   sudden 
t  c     rm  WB  B,»n  pro  rw  ibgi«p  ».  (x     .)  ^jj^^g^g   q£   temperature.      The 
parts  of  plants  possessing  such  hairy  coverings  usually  have  a  white 
appearance,  on  account  of  the  air  retained  both  between  and  in  the 


luir  or  Urti 

■ortlon  oT  th«  epld«iiil>.  lul, 

ight,  •  auiall  brtitlc    (x  liO.) 


hairs.     The  hairs  developed  from  some  of  the  epidermal  cella  of  the 
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seed  coats  of  various  species  of  Gossypiujn  attain  an  unusual  length, 
and  supply  the  cotton  of  commerce  (Fig.  108).  These  cotton  hairs  are 
sometimes  6  cm.  long,  and  in  their  fully-developed  state  contain  only 
air ;  their  cell  walls  are  thicker  than  those  of  ordinary  hairs,  and 
covered  with  a  delicate  cuticle.  They  are  usually  somewhat  flattened 
and  at  the  same  time  twisted ;  and  are  wider  in  the  middle  than  at 


Pk;.  110.— a,  .S|iindk"-shH|»e<i  hair  from  tlu'  undrr 
surface  of  a  leaf  of  the  Wallflower,  ChnitnUhu^ 
rhriti;  li,  (Timg-Hectioii  of  leaf  Hhowinj;  iiiHer- 
tioii  of  liair;  (\  st^'llate  hair  and  ndjoininK 
epi<U?niiiH  from  th«  iiinler  Hide  of  a  leaf  of 
thf  St«Kk,  Matthiola  onnuti.  (A,  (.',  xlK);  li, 
>  -'40.) 


Fio.  111.— Glandular  hair  from  the 
petiole  of  PHiniiUi  siiiensiK. 
(After  De  Bary,  X  142.) 


Vui.  112.— Glanilular  scale  from  the 
female  inflorescence  of  the  IIoji, 
Huumlns  Liijtuhts,  in  vertical 
section.  A,  before,  7>',  after  the 
cuticle  has  become  distended  by' 
the  excretion.  In  It  the  ex- 
cn'tion  has  been  removed  by 
alcohol.  (After  Dk  Barv,  x  142.) 


either  end  (Fig.  108,  B^).  Bristles  are  short,  pointed  hairs,  in  the 
thickened  cell  walls  of  which  calcium  or  silica  has  been  deposited 
(Fig.  109,  below,  to  the  right). 

The  STINGING  HAIRS  (Fig.  109),  such  as  those  of  Settles  (Urlir a)  and 
of  the  LniAOceae^  are  sjxjcial  forms  of  bristles,  and  arise  as  prolongations 
of  single  epidermal  cells.  These  however,  swell  in  the  course  of  their 
development,  and  becoming  surrounded  by  adjoining  opidennal  cells  pre- 
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sent  the  appearance  of  being  set  in  sockets  ;  while,  at  the  same  time,  bj' 
the  multiplication  of  the  cells  in  the  tissue  at  their  base,  the  whole 
hair  becomes  elevated  on  a  column-like  protuberance.  The  hair  tapers 
towards  the  apex  and  terminates,  somewhat  obliquely,  in  a  small  head, 
just  below  which  the  wall  of  the  hair  remains  unthickened.  As  the 
wall  of  the  hair  is  silicified  at  the  end  and  calcified  for  the  rest  of  its 
length,  the  whole  hair  is  therefore  extremely  stifT.  Such  hairs  famish 
a  means  of  defence  against  animals.  The  beads  break  ofT  at  the 
"  test  touch,  and  the  hairs  piercing  the  skin  potir  out  their  poisonous 


contents,  which,  especially  in  the  case  of  the  toa.ajwae,  may  cause 
severe  inflammation. 

Unickllu'Lar  Haikh,  such  as  we  have  so  far  considered,  may 
terminate  in  well-defined  heads  resulting  from  the  swelling  of  their  tips, 
or  their  side  walls  may  develop  iiTegular  excrescences ;  on  the  other 
hand,  they  may  remain  short  and  expand  like  a  balloon,  or  remain 
close  to  the  surface  of  the  epidermis  as  spindle-shaped  (Pig.  110,  A) 
or  stellate  (Fig.  110, '')  hairs.  Multil'kli.ui.ak  hairs  may  be  merely 
simple  rows  of  similar  cella,  as  the  hairs  on  the  stamens  of  Timlexantta 
(Fig.  53) ;  or  their  terminal  cells  may  become  swollen  into  globidar 
heads  (Fig.  Ill),  like  those  on  the  Chinese  Primrose  {Priviula  sitifnm) ; 
or  au  epidermis  may  be  covered  with  shield-,  star-,  or  bowl-shajied 
hairs  (Fig.   1 1 2).     Sometimes  the  hairs  become  variously  branclied. 
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and  in  special  cases,  as  in  the  scale  hairs  of  Ferns  (Fig.  113),  they  may 
even  have  the  shape  of  a  small  leaf. 

Emekgences,  unlike  hairs,  are  not  formed  solely  by  epidermal  cells, 
but  a  number  of  cells,  lying  more  or  less  deeply  in  the  sub-epidermal 
tissues,  also  take  part  in  their  formation.  Thus,  for  example,  while 
only  a  few  rows  of  sub-epidermal  cells  enter  into  the  formation  of  the 
emergences  (Fig.  114)  on  the  margins  of  the  stipules  of  the  Pansy 
( Jloia  tricolor),  much  deeper-lying  tissue  participates  in  the  development 
of  the  emergences  which,  as  prickles,  serve  in  the  case  of  roses  as  a 
means  of  protection,  and  at  the  same  time  are  of  assistance  in  climbing. 
Vascular  bundles  also  may  be  included  within  the  emergences,  as  is  well 
shown  in  the  club-shaped  digestive  glands  or  tentacles  (Fig.  115)  on 
the  leaves  of  the  Sundew  (Drosera).  Some  emer- 
gences resemble  in  structure  certain  of  the  meta- 
morphosed members  of  the  plant  body  described 
in  the  preceding  chapter;  the  resemblance  be- 
tween prickles  and  thorns,  for  instance,  is  parti- 
cularly noticeable.  The  phylogenetic  origin  of 
emergences,  and  therefore  the  morphological  value 
of  metamorphosed  members,  is  altogether  different. 
The  irregular  distribution  of  emergences  affords 
an  easy  means  of  distinguishing  them  from  such 
metamorphosed  members  as  resemble  them  in 
appearance. 

Both  hairs  a!id  emergences  sometimes  act  as 
secreting  organs,  and  are  then  termed  ulands. 
In  many  cases  they  are  concerned  with  the  active 
exudation,  and  at  times  also  the  absorption  of 
water.  They  then  belong  to  the  class  of  organs 
designated  HYDATHODES  by  Haberlaxdt  {cf. 
p.  91).  Hairs  which  function  as  hydathodes  are 
usually  multicellular;  they  are  provided  with 
a  short  stalk  and  terminate  in  a  head.  Other 
glandular  hairs  excrete  a  resinous  substance.  The 
hairs  of  PriiiiuJa  sinensis  (Fig.  Ill)  are  in  reality 
such  glands,  and  it  is  from  their  excretions  that 
the  plant  derives  its  peculiar  odour.  The  cuticle 
of  the  terminal  globular  head  is  pressed  away  fio.  115. -Digestive  Kiami 
from  the  cell  wall  by  the  resinous  matter  ex-  *''^»">  nnts^m  mtundi- 
cretcd  from   the  hair,  until,  finally,  the  bulging  ''   ^^'*^-^ 

cuticle  is  ruptured  and  the  resinous  secretion  exudes.  The  similar 
but  more  complicated  glandular  hairs  of  Hops  (Fig.  112)  produce 
a  secretion  called  lupulin,  to  which  beer  owes  its  bitter  taste  and 
distinctive  aroma.  The  secretion  is  set  free  by  the  bursting  of 
the  cuticle,  the  latter  having  been  previously  pressed  out  from 
the  underlying  cell  wall  as  a  continuous  membrane   (Fig.    112,  B). 
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The  niucil acinous  mutter  produced  in  young  buds  by  the  mucus 
imgiillie  or  uOLLETERa  results  from  the  partial  dissolution  of  the  cell  wall 
under  the  cuticle.  After  the  muciluginous  secretion  has  been  discfaai^ed 
by  the  ultimate  rupture  of  the  cuticle,  another  new  cuticle  forms  over 
the  cotitinually  developing  cell  wall,  and  the  process  is  again  repeated. 
The  coUeters  are  but  special  forms  of  hairy  structures,  and  are  often 
developed  in  buds  to  protect  the  young  organs  from  drying,  by  means 
of  the  mucilaginous  modification  of  their  cell  walls.  Where  the  dis- 
solution of  the  cell  wall  is  accompanied  by  secretions  from  the  under- 
lying cells,  the  colleters  assume  rather  the  character  of  glandular 
hairs.  Such  glandular  colleters  are  prevalent  in  the  winter  buds 
of  trees  ;  in  the  Horse-chestnut  {Aesnulus  Bij/pu-itslanum),  for  example, 
the  bud-Bcales  of  the  winter  buds  are  stuck  together  by  a  mixture  of 
gum  and  resin,  which  has  been  exuded  from  colleters  of  this  nature.  The 
glandular  hairs  of  the  Pansy  (Fig.  1 14)  act  in  a  similar  manner. 

The  emergences  on  the  leaves  of  the  Sundew  (Drosfm),  described 
as  digestive  glands  (Fig.  115),  discharge  glistening  drops  of  muci- 
laginous matter,  not  under  the  cuticle,  but  directly  from  the  surface  of 
the  glands  at  the  ends  of  the  tentacles.  Small  animals  are  caught 
by  means  of  these  sticky  excretions,  and  are  afterwards  digested 
by  the  plant.  The  nectaries  of  flowers  also  often  excrete  sugary 
solutions  directly  from  their  surfaces.  The  excreting  cells  are  generally 
thin-walled  and  not  ciiticularised.  The  exci-etion  of  nectar  may  also  take 
place  through  water- stomata.  Finally,  intercellular  SKCRKTION 
CAVITIES  are  found  on  the  emergences  of  the  inflorescence  of 
Bidamnus  Frojiii-rlla.  The  lower  distended  portions  of  its  ampuUaceous 
emergences  contain  a  fragi-ant  ethereal  oil,  which  fills  the  lysigenoua 
oavity  formed  by  the  dissolution  of  the  secreting  cells  (Fig.  116), 
III  Hilditiou  to  these  glandular  emergences,  other  internal  glands  which 
are  developed  from  the  epidermis  and  the  underlying  layer  of  tells 
are  found  in  the  leaves  of  Diclnmntis. 

In  some  plants  the  epidermis  is  composed  of  several  layers  ;  but 
this  is  of  comparatively  rare  occurrence.  Such  a  many-layered 
epidermis  results  from  a  division  of  the  young  epidermal  cells  paralld 
to  their  external  surface.  The  epidermis  of  Fiau  eUittiai  (Fig.  88) 
has  three  layers,  and  serves  as  a  reservoir  for  accumulating  water. 
The  cystoliths  of  Firm  eUisliea,  already  referred  to,  occur  in  consider- 
ably swollen  epidermal  cells.  The  multi-layered  epidermis  of  th« 
aerial  roots  of  many  Orchids,  and  of  various  Aroids,  undergoes  a  pecuUw 
roodiflcation  and  forms  the  so-called  VELaUKN  Radicum  (p.  42),  a  pandi- 
ment-like  sheath  surrounding  the  roots,  and  ofion  attaining  a  consider- 
able thickness.  The  cells  of  this  enveloping  sheath  are  generally  provided 
with  spiral  or  reticulate  tliickeiiingg,  and  lose  their  living  coiitenU. 
Tiiey  then  become  filled  with  either  water  or  air,  depending  upon  tha 
amount  of  moisture  contained  in  the  surrounding  atmosphere.  Tbes4 
root-envelopes  absorb  water  like  bIotling-[iaper  ;    when  the  velametl 
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U  filled  with  water,  the  underlying  tissues  impart  a  ^rreenish  shimmer  to 
the  root;  but  if  it  contains  only  air  the  root  appears  white.  The 
epidermis  of  fniits,  and  partlciikrly 
of  seeds,  exhibits  a  considerable 
variety  of  modifications  in  its  mode 
of  thickening,  and  in  the  relations 
the  thiclcening  layers  bear  to  one 
another.  The  purpose  of  these 
modifications  in  the  epidermis  he- 
comes  at  once  evident,  when  it  is 
taken  into  consideration  that,  in 
the  case  of  flowers  and  seeds  in 
addition  to  protecting  and  enclosing 
their  internal  parts,  the  epidermis 
has  often  to  provide  for  their  dis 
semination   and    jiermanent    lodg 

The  Vascular  Bundle  System 

— The     PRIMARY     \\SLlLAn    BIN 

DLEs  extend  in  the  form  of  strands 
throughout  the  body  of  the  hij,her 
plants  In  more  transparent  stems, 
such  as  those  of  Impalien^  piirn 
fi  ru  the  bundles  may  be  clearly 
ilistingiiished  and  their  direction 
followed  1  he  arrangement  of  the 
bundles  of  leaves  is  apparent  from 
their  \enation  In  many  parallel  ■ 
veined  leaves  the  bundles  are  easily 
isolated.  This  is  often  done  acci- 
dentally, as  when,  for  exajnple,  in 
picking  a  leaf  of  Plantain  (Plantfi(iii  n 

time.  The  leaves,  and  sometimes  also  the  stems  of  Mosses,  are  pro- 
vided with  strands  of  elongated  cells,  which  are  termed  conducting 
KUNDLES.  These  strands  consist  either  of  elongated  empty  elements, 
which  serve  as  water-carriers,  or  include  also  cells  with  protoplasmic 
contents  which  transport  nutritive  material  (Fig,  159).  In  the  leaves 
these  conducting  bundles  constitute  the  midrib.  They  always  consist 
of  elements  devoid  of  protoplasm,  acting  only  as  water- conductors, 
and  of  celts  provided  with  living  protoplasmic  contents,  and  concerned 
with  the  transport  of  nourishment. 

A  high  degree  of  differentiation  of  the  vascular  bundles  is  first 
attained  hy  the  Pteridophytes,  which  are  accordingly  designated 
\'asciilar  Cryptogams. 

In  the  Pteridophytes,  and  throughout  the  higher  plants,  two  distinct 
|>ortions  may  be  distinguished  in  a  vascular  bundle,  the  tracheal  or 
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XYI-KM  PORTION,  and  the  SIEVE  or  PHLOEM  PORTION.  While  each 
portion  may  form  independent  strands,  they  are  generally  united  in  one 
VASCfLAR  BUNDLE  (Figs.  117-119).  Other  terms  often  used  to  designate 
the  vascular  bundles  are  fibro- vascular  bundles  and  me-stome.  The 
vascular  portion  is  also  termed  the  XYLEM  or  HADROME,  and  the  sieve- 
tube  portion  the  PHLOEM  or  LEPTOJIE.  The  vascular  portion  contains 
TRACHE.E  and  TRACHEIDS  as  most  essential  for  the  fulfilment  of  its  func- 


tion as  awater-conductoi,  vascular  elements  (a,  sj;iii,  Figs.  117, 118),  or 
tracheids  alone,  :ind,  in  addition,  living,  elongated  jiarenchymatous  cells 
that  may  be  designated  XYLEM  or  woou  PAREXchyma.  In  the  phloem 
portion  the  most  eKsontial  elements  are  the  sieve-tubes (i),  which  ser^e 
for  the  conveyance  of  albuminous  matter.  They  are  always  accom- 
panied by  other  living  ceils  ;  either  by  the  so-called  COMPANl<)N 
(.'ELLS  (s),  or  in  addition  by  elongated  parenchymatous  cells,  or  by  the 
parenchyma  aloTie.  The  companion  cells  are  sister  cells  of  the  siei'c- 
tubcs,  for  both  have  arisen  by  longitudinal  division  from  the  same  mother 
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cell.  The  companion  cells  are  not  so  large  as  the  sieve-tubes,  and 
may  be  distinguished  from  them  by  their  more  abundant  protoplasmiu 
contents,  and  especially  by  the  fact  that  they  retain  their  nuclei,  while 
the  nuclei  of  the  sieve-tubes  soon  disappear.  In  Monocotyledons  (Figs. 
117,  118),  and  in  the  BaH-uncultirea^  among  the  Dicotyledons  (Fig.  119), 
the  phloem  consists  solely  of  sieve-tubes  and  companion  cells ;  in  the 
other  Dicotyledons  parenchymatous  elements  are  also  present,  and  these 
are  accordingly  distingui^ed  as  phloem  or  SIEVE  rARKNCHTMA ; 
no   companion  cells  are  found  in   Gymnosperms  and  Pteridophytes, 


and   in   addition   to  sieve -tubes   the   phloem    contains  only   phloem 
[larenchyma. 

The  bundles  of  the  Phanerogams  (Gymnosperms  and  Angiosporms) 
are  generally  collatekal  in  stmctiire,  that  is,  the  xylem  and  phloem 
are  in  contact  on  one  side  only.  In  stems  the  most  usual  arrangement 
of  the  two  portions  of  a  collateral  buTidle  is  that  in  which  the  xylem 
lies  nearest  the  centre ;  in  leaves  tlie  xylem  portion  lies  nearer  the 
upper,  and  the  phloem  portion  nearer  the  lower  surface,  Tlie  xylem 
and  phloem  of  roots  generally  form  sej»arate  strands  (Fig.  1 20,  s,  r), 
and  in  that  case  the  arrangement  of  the  vascular  portion  is  somewhat 
altered ;   for,  while  in  stems  the  narrow  vessels  of  the   xylem  are 
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nearer  the  centre,  and  the  wider  nearer  the  circumference,  in  roots 
this  order  is  exactly  reversed.  Closely  allied  to  the  collateral  type  is 
the  bicollateral  type  of  bundle.  In  the  latter  the  xylem  is  accom- 
panied by  phloem  on  each  side,  both  on  the  outside  and  inside.  Snch 
bicollateral  bundles  are  characteristic  of  the  CucurUtaeeae,  but  occur 
also  in  several  other  families  of  Dicotyledons. 

The   vascular  bundle  strands  of    the    Pteridophytes    (Fig.    121), 


although  usually  termed  Coxcentiiic  bundles,  cannot  be  compared 
with  tlie  single  vascular  bundles  of  the  Phanerogams,  but  coiTeapond 
rather  to  an  aggregated  complex  of  such  bundles.  The  centre  of  such 
a  vascular  bundle  strand  consists  of  trachcids  (sp),  and  also,  in  special 
instances,  of  trachew  (s-).  These  elements  show  typical  scalariform 
markings,  and  only  the  very  smallest  are  spirally  thickened  (sp).  The 
xylem  parenchyma  {Ip)  surrounds  the  tracheal  elements,  while  both 
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are  encircled  by  phloem  consisting  of  sieve-tubes  (c)  and  phloem 
jiarencliyma  (■')- 

Su<:li  vawular  bundle  Btmudn  occur  in  the  Ferns  and  SdagiHcllactae,  and  also 
in  the  Ly<opodiaceat,  where  thej-  exhibit  even  a  greater  degree  of  coalescence. 
Ill  tht  Riuis<tn(eat  X\\t  laacular  bundles  corresjiond  more  nearly  to  the  collateral 
liiindles  ot  the  Phanerogams. 

The  vascular  bundles  are  developed  from  strands  of  meristematlc 
tisfliie    which   are    called    pro- 
cambium  STRANDH.      In  those  ^  f     g 
]>ortion3  of  plants  which    still 
retain     an     energetic     ^  ertical 
growth  the  procambium  strands      n 
remain  undifferentiated  excel  t 
at  definite  points   where  single 
rows  of  cells   lose   their  men      (^ 
stem  it  ic    condition    and    form 
mrrow     annular     and    spiral   ' 
\essels  and  sieve  tubes  or  sieve 
tubes  and  companion  cells   the 
structure  of  all  of  which  is  of 
such    a    nature    as    to    render 
thur  elongation  possible     Such 
jnmary  vascular  elements  are 
termed  ?ROTO.\\  I.LM  ,  while  the 
corresponding    sieve     elements   '■■>" 
are  in  like  manner  designated       ' 
PKi  iTOPHLOESi.  The  protoxylem       c,  cnrtei.   ( 1 1«.) 
occupies  the  innermost,  the  pro- 

tophloem  the  outermost  side  of  a  procambium  strand,  from  which  a 
collateral  bundle  is  eventually  formed.  After  the  vertical  growth  of 
any  part  of  a  plant  ceases,  the  differentiation  of  the  procambium 
strand  into  a  collateral  vascular  bundle  is  continued  from  the  inner 
and  outer  sides  of  the  strand  toward  the  centre.  If  the  whole 
merist«matic  tissue  of  a  procambium  strand  is  exhausted  in  this 
process,  the  finally-developed  vascular  bundles  are  said  to  be  CLOSED ; 
hut  if  any  of  the  meristematic  tissue  remains  in  an  undiHerentiated 
condition  between  the  xylem  and  phloem  portions,  the  bundles  are 
spoken  of  as  open.  The  Pteridophytes  have,  almost  without  excep- 
tion, closed  bundles  ;  in  Monocotyledons  also  the  bundles  are  always 
closed  (Fig.  117):  Gymnospcims  and  Dicotyledons,  on  the  contrary, 
have  open  bundles  (Fig.  1 1 9). 

Tlie  meristematic  tissue  which  remains  undilferentiated  Iwtween 
the  xylem  and  phloem  portions  of  a  bundle  is  ca]lc<l  the  Camhh'M 
(Fig.  119). 

In  fully -developed  vascular  bundles  the  protoxylem  and  proto- 


phloem  cease  to  perform  their  functions.  The  protoxyletn  elements 
become  compressed  and  ruptured  by  the  tension  resulting  from  the 
continued  vertical  growth  (a  and  a'.  Fig.  118),  so  that  in  their  stead 
a  lysigenic  intercellular  space  ia  often  formed  (Figs.  117,  118).  The 
protophloem  elements  (c/.  Figs.  117,  118)  at  the  same  time  become 
disorganised,  and  tiieir  sieve-plates  closed  by  a  covering  of  callus. 

In  accordance  witli  the  orientation  of  the  xylem,  the  protoxylem 


of  roots  is  found  on  the  outer,  not  on  the  inner  side  of  the  vascular 
strands  (Fig.  I'JO). 

The  Terminations  of  the  Vascular  Bundles. — In  leaves,  particu- 
larly in  the  deciduous  leaves  of  Angioaperms,  the  vascular  bundles 
become  much  branched  until  finally  they  are  reduced  to  extremely 
fine  strands.  In  the  leaves  of  Gymnos{>erms  this  branching  of  the 
bundles  does  not  usually  take  place,  but  instead,  a  single  vascular 
bundle  freqriently  runs  throughout  the  whole  length  of  the  leaf.     The 
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Tasctilar  bundles  of  the  reticulate- veined  leaves  of  Dicotyledons  Illus- 
trate the  most  extreme  form  of  branching. 

Tln^  fine  distribution  of  the  kindles  in  the  lear-lamiiiB  f     1 1  t      th        g  I 
conduction  of  water  to  all  ]>art!iof  the  leaf-tisane,  and  at  th     san     t  n  in 

rasii-r  the  removal  of  the  aagimilated  products.  An  ext  d  d  d  1  u  n  of 
tlip  bundles  in  the  leaves  is  thus  evidently  of  advantage  to  a  j]  nt  I  tl  san 
degree  as  the  ramifications  of  the  vascular  bundles  are  c  nt  n  d  tl  1  uudl 
themeelvea  become  attenuated  and  simpler  in  stnicture  (Fig.  12  )  Tl  ss  1  fi  t 
iliKapjiear,  and  only  spirally  and  reticulatcly  thickened  tracheids  remain  to  jirovide 
fur  the  water-conduction.  The  pbloeni  elements  undergo  a  similar  reduction.  In 
Angios)>erma,in  whicli  the  sieve- tubes  are  accompanied  by  companion  cells,  the  sieve- 
tubes  liecome  narrower,  whilst  the  companion  cells  retain  their  original  dimensions. 
Finally,  in  the  cells  forming  the  continuation  of  tbe  sieve-tubes,  the  longitudinal 
division  into  sieve- tubes  and  companion  cells  discontinues,  and  tk.insitcon  crllh  are 
funned.  With  these  tlie  sieve-tubes  terminate,  although  the  vascular  portion  of 
tlic  bundles  still  continues  to  be  represented  by  short  spiral  tracheids,  until  finally 
they  too  disappear,  either  teniiinating  Mindly  or  anastomosiug  witli  othei'  vancular 

The  Fundamental  Tissue  System  usuatly  forms  the  principal  part 
of  the  primary  tissues  of  the  body  of  ft  „ 

plant.     The  whole  tissxie  of  the  lower  >— -  -"' 

plants,  as  it  shows  no  internal  differ- 
entiation, may,  in  a  certain  sense,  be 
considered  fundamental  tissue.  The 
other  tissues  have  gi'adually  been  de- 
veloped from  the  fundamental  tissue  In 
the  course  of  phylogenetic  develoi>ment. 
The  fundamental  tissue  in  the  higher 
plants  is  enclosed  by  tegunientary  tissue, 
and  traversed  by  the  vascular  bundle 
system.  While  tlie  tegumentary  tissue 
protects  the  plant  externally,  and  the 
vascular  bundle  system  performs  the 
office  of  conduction,  and  also  of  me- 
chanically strengthening  the  plant,  the 
duty  of  providing  for  the  nutrition  of 
the  plant  and  of  storing  reserve  food 
material  falls  chiefly  to  the  funda- 
mental tissue.  The  fundamental  tissue  tw.  iL-j.-TrTihination  nt  a  vsM-m.r 
consists,  therefore,  for  the  most  part  of  '"""Uf  m^a  ir^nt  of  /m,«ji.-in  in-m- 
parenchymatous  cells  containing  chloro- 

jihyll,  at  least  to  such  depth  as  the  light  penetrates;  but  Internally, 
and  wherever  the  tissues  are  so  situated  as  to  be  unaffected  by  the 
influence  of  the  light,  a  colourless  parenchyma  is  found.  The  funda- 
mental tissue  system  also  takes  part  in  providing  for  the  mechanical 
rigidity  of  plants,  and  in  connection  with  this  function  it  jiosscsses 
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collenchyma  (Fig.  87,  c)  and  sclerenchynia  as  its  special  mechanical 
tissues.  The  collenchyma  is  unlignified  and  very  elastic,  and  thus 
fitted  for  stretching ;  it  is  the  form  of  mechanical  tissue  suitable 
for  those  parts  of  plants  still  undergoing  growth  in  length.  The 
sclerenchymatous  fibres,  on  the  other  hand,  are  formed  after  growth  in 
length  has  ceased,  and  sclereides  arise  even  later.  The  elongated  cells 
of  the  fundamental  tissue  also  perform  a  certain  share  of  the  work  of 
conduction,  and  are  specially  active  in  the  transport  of  carbohydrates. 
Secondary  or  waste  products,  resulting  from  chemical  changes,  are  also 
deposited  in  special  cells  of  the  fundamental  tissua  Consequently 
idioblasts  (p.  83),  containing  crystals  or  rows  of  crystal -containing 
cells,  are  often  met  with  in  the  fundamental  tissues,  together  with 
cells,  tubes,  cavities,  or  canals  containing  tannin,  gum,  resin,  ethereal 
oils,  latex,  or  alkaloids.     Such  waste  products  are  for  the  most  part 


Fio.  1-23.— Transverse  sectioJi  of  tlie  i)eti<)le  of  Suj^ar  hittum.    I,  Intercellular  air-space  ; 

i,  idi«)bla8t.    (x  60.) 

deposited  near  the  surface  of  a  plant,  in  order  to  serve  as  a  defence 
against  destructive  animals,  or  that  they  may  afterwards  be  thrown  otf 
along  with  the  superficial  tissue.  Cells  containing  these  waste  products, 
particularly  crystal  cells  and  latex  tubes,  are  often  found,  therefore, 
accompanying  the  phloem  portion  of  the  vascular  bundles. 

Tlie  Aroideac,  Xipnphacaccae,  and  several  otlier  j»laiit  families  possess  a  {>eculiar 
form  of  idioblasts,  the  so-called  internal  hairs,  which  project  into  the  intercellular 
sjMices  of  the  funchimental  tissue.  In  the  wide  intercellular  passages  of  the  leaf 
and  flower  stems  of  the  Water-Lily  these  idioblasts  are  stellate  in  form  (Fig.  123). 
Their  walls  are  strongly  thickened,  and  provided  with  short  protuberances  in  which 
small  crystals  of  calcium  oxalate  are  dejwsited. 

The  Distribution  of  the  Primary  Tissues 

In  the  body  of  multicellular  plants  a  distinction  between  an  outer 
small-celled  and  firm  tissue  and  an  inner   large-celled  looser  tissue 
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soon  becomes  apparent     The  outer  tissues  are  best  adapted  for  pro- 
tection, the  inner  for  conduction  and  storage.     The  cells  of  the  ii 
tiaauea    accordingly   become   elon- 
gated for  the  purpose  of  conduc- 
tion.     Tlie  outer  tissues  in  plants, 
which  must  provide  independently 
for  their  own    nouriahnient,  con- 
tain   chroma  top  hores     fitted     for 
A^irailation,  and  are   correspond- 
ingly   coloured,   while    the    inner 
tissues   remain   colourless.      The   | 
outer  portion  of  the  fundamental 
tissue  thus  differentintcJ  is  called 
the  CORTEX,  the  inner  the  MKDULLA 
or  PITH.     An   epidenuia,   dialin- 
•jubhable  from  the  cortex,  ia  found 
in  some  of  the  Mosses,  but  a  sharp 
distinction  between  these  tissues  , 
is  first  found  in  the  more  highly 
organised  plants. 

In  the  Stem  of  a  Phanero- 
gantic  plant  there  is  an  outer  skin  or  epidermis  (Fig.  1^5,  e)  on 
the  external  surface;  then  follows  the  PRIMARY  CORTEX  (Figs.  124, 
125,  pr),  and  internal  to  this 
the  so-called  central  cylin- 
der, for  which  Van  Tieohem 
has  proposed  the  name  STELE 
(column).  The  innermoEt  layer 
primary  cortex,  which 
may  be  designated  by  the  term 
PllLOEOTERMA,  IB  for  the  most 
part  not  distinctly  differenti- 
ated, but  can  be  recognised  in 
the  aerial  Btems  of  land  plants 
as  a  starch-sheath ;  while  in 
the  rhizomes  of  land  plants 
and  in  the  stems  of  water- 
jilants  it  forma  the  ksdodkr- 
Mis.  DifTerentiated  aa  a  starch- 
sheath  (Fig.  125,  st),  the 
phloeoterma  is  rendered  con- 
spicuous by  the  quantity  of 
starch  contained  in  its  cells  ; 
when  developed  as  an  endo- 
dermia,  portionR  or  the  lateral  walls  of  its  cells  become  suberised. 
In  a  croM-section  these  suberiacd  portions  of  the  cell  walls  of  the 
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endodermia  a^tpear  as  dark  spots  {Fig.  126),  but  in  u  tangential  section 
as  sinuous  lines.  The  STKLli  or  CENTKAL  CVLINDKR  of  the  stem  contains 
vascular  bundles  (Fig.  125,  rv),  which,  in  the  Eqiiisetaeme  and  some 
other  Pteridophytes,  as  well  as  in  the  Gymnosperms  and  Dicoty- 
ledons (Fig.  125),  are  arranged  in  a  circle,  whereas  in  Monocotyledons 
(Fig.  124)  they  are  irregularly  distributed.  In  all  these  cases  the 
xylem  portion  of  the  vascular  bundle  is  directed  towards  the  centre, 
and  the  phloem  portion  away  from  the  centre  of  the  stem.  That  part 
of  the  peripheral  tissue  of  the  central  cylinder  lying  outside  of  the 
bundles  is  called  the  PERICYCLE  {pc)  or  PERtCAMBlt'M,  and  is  the  special 


seat  of  new  growths.  If  the  bundles  are  arranged  in  a  circle  (Fig. 
12.')),  that  part  of  the  central  cylinder  enclosed  by  them  is  the  I'ITH  or 
JiKDi'LLA  {in),  and  the  tissue  between  the  different  bundles  the  primary 
M^;DL'LLAHY  RAYS.  In  the  case  of  scattered  bundles  (Fig.  124),  a  dis- 
tinction between  medulla  and  medullary  rays  is  no  longer  possible, 
and  the  whole  tissue  surrounding  the  bundles  must  then  be  considered 
as  corresi>onding  to  the  primary  medullary  rays.  The  division  of  the 
tissue  systems  in  the  stems  of  the  higher  plants  into  epidermis,  primary 
corte.\,  and  central  cylinder,  brings  with  it  a  corresponding  division  of  the 
fundamental  tissue  into  the  fun<lameiitai  tissue  of  the  primary  cortex 
and  the  futidameiital  tissue  of  the  central  cylinder.     Wherever  there  is 
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no  sharp  difltinction  between  primary  cortex  and  central  cylinder,  com- 

imfittire  iuvostigation  alone  can  dytermine  whetlier  a  tissue  belongs  to 

the  primary  cortex  or  to  the  central 

rylindor.     Althougli  the  funtUmeiital 

It^ue  of  the  primary  cortex  is  pre- 

omiDontly    a    chlorophyll -containing 

LiMiUi.-,   portions    bordering    on   the 

epidermis     frequently    become     con- 
verted, for  mechanical  purposes,  into 

fttrauds    of   collenchymn    or    scleren- 

chyma.      Such  a  mechanical  tissue, 

which  serves  to  strengthen  the  epi- 
dermis, is  known  as  a  iiypodekma. 

Of  tbi.-  tissues  composing  the  central 

cyliuilcr,  tlie  pericycle,  the  primai-y 

medullary  rays,  and  medulla  consist 

of  fundamental  tissue,  and  aie  chietly 

composed  of  colourless  parenchyma.   ' 

A  part,  however,  of  the  tissue  of  the 

pericycle    may    become    sclerenehy- 

nuttoiu   (Fig,    12fl,  pc);   sclerenchy- 

uutt^us  elements  also  often  surround 
r  individwil  bundles  as  sheaths,  or  accom})uny  the   phloem  portion   in 
)  tlie   form  of  strands  (Figs.  11",  119).      Whenever  such  a  sheath  of 

■clcrenchyma  is  fI«velo|jeii  about  a  bundle,  it  is  always  interntpted  on 

both  sides  of  the  bundle,  at  the  junction  of  the  xylem  and  phloem 

portions,  by  parenchymatous  cells,  or  by  cells  which  are  oidy  slightly 

thickened  and  lignified.     These  cells  facilitate  the  exchange  of  water 
i  food  material  between  the  vascular  bundles  and  the  fundamental 
[  tiMoo,  and  are  spoken  of  as  TRASSFi'Siox  sTKANna. 

Id  tlir  atxv  r>r  PliHin'riigBiiM  lb<-  I'viitral  nytindor  \»  iiiDi])1c  and  Dcciipki)  a  more 
m  IrM  erjitrsl  ]>cniiSoii.  In  «onio  fnw  iniMnocs,  Iinn'^ver,  it  breaks  nji  into  spvrral 
partial  cjrlindi-rt  or  schikohtkuei!.  SupIi  BciiinoBtclca  are  found  in  the  stenis  of 
Atrimta  and  ttHKntra.  Tlii>  tiHaiie  tlist  Hiirrounds  sud  B<>]MualeB  thciii-  central 
cjrIiluUra  <.'onv8|ioiMlB  to  thu  primary  cortex. 

The  *a«uIarbuiidlnitrBtidii  [^.  104)  of  the  Pterido|ihytiis  arc  also  to  be  regarded 
w  KliliaBtTlra.  In  the  utrinH  of  Kerns  th«y  are  iisuaUy  sejiarated  from  une  another 
ilV-  1^)  *"'!  BitnBt*d  iu  till-  futidatiiental  tissue  Iwlonj^ng  la  th«  primary 
cwtrx,  Tliia  i»  also  tlie  caan  in  the  Sclagincllaa.  In  Lyeofodinm  (Fig.  I2S),  un 
tlw  eontnuy,  tbe  ncliizoBtelm  becume  united  into  s  ventral  uamoi!Tki.k.  In  these 
j^DHMtrba  the  xyluni  iwrtions  tit  tlie  single  wliiiostelen  runii  iie|isratc  bandn,  whibt 
the  all^rtutling  jdiloam  portions  are  fu»ed  with  one  another.  The  vMonlar  bundle* 
nt  tiM  KfUittlatm^  (Fig.  34fl).  un  the  other  hand,  arc  eollatoral.  They  are  similar 
lo  Ihomt  of  Phancruganu,  and.  like  them,  are  arrangwj  in  a  oirolo  wiliiin  Ibv  eontral 
i^iiinlDr  (W)  with  th"  xylem  innermost  and  the  phloem  outarmost.  They  aur- 
nKiml  a  large  medullary  cavity  [m)  romied  by  the  diamption  o(  the  pith  of  the 
luti-nKMlaa.    The  eentnl  cylinder  in  completely  eucioeed  by  Ihe  primary  cortex  leh). 


In  tlie  Hteiiia  of  FcruH,  atrands  or  jilates  of  sclerencliyniatoua  fibres  are  cliii|H:rwd 
tliroughollt  the  fmidaniontal  tissue,  wliicll  belougs  to  t)ie  jirimaiy  cort^i.  Tlivsr 
]>late!i  of  Kclcrvnc^lij'lua,  [larticularly  uotiueable  from  the  Urona  colour  of  the  nalU  of 
their  fibroH,  surround  and  accompany  tlie  Hchizoateles.  In  Selagiaella,  on  the  ollipr 
hand,  the  scLizosteUa  are  allapelidcd  irithiu  intercellular  paswiges  by  means  of  cell 
filaments.  In  the  uanc  ot Lycopodium  the  gaiuosCelca  are  protected,  and  tlie  rigidity 
oftbe  stem  secured  liy  a  strongly  thickened  inner  zone  of  the  cortex  [Fig.  128,  ti\. 

In  Roots,  the  division  between  primary  cortex  and  central  cylinder 
is  sharply  marked  by  the  endodemiis,  into  which  the  innermost  layer 
of  the  primary  cortex  is  usually  transformed  (Figs.  120,  126,  f).  The 
central  cylinder  becomes  completely  shut  oil"  from  the  primary  cortex 
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by  the  suberisatioii  of  the  lateral  walls  of  the  endodermal  cells, 
and  by  their  close  and  iminterrupted  contact.  While,  by  this  means, 
the  passage  of  gases  from  the  intercellular  spaces  of  the  cortex  into 
the  central  cylinder,  and  the  consequent  obstruction  of  the  water- 
channels,  are  ])revented,  the  ]iassiige  of  water  from  the  cortex  to  the 
central  cylinder  can,  at  the  same  time,  go  on  unhindered  through  the 
unsubertscd  inner  and  outer  walls  of  the  endodermal  cells.  In  this 
manner  it  is  possible  for  the  water,  ahsoibed  front  the  soil  by  the  root 
hairs  or  by  the  surface  of  the  roots,  to  be  transferred  to  the  tissues  of 
tlie  centml  cylinder.  In  the  older  parts  of  the  roots,  which  no  longer 
absorb  water  from  the  soil,  the  cells  of  the  endodermis  become  greatly 
thickened,  but  generally  on  one  side  only.  Should  the  thickening 
occur  at  an  early  sta{;e,  then  special  endodermal  cells,  directly  external  to 
the  xylem  strands,  remain  uiithickened  and  serve  as  transfusion  Ceus 
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(Fi);.  139,/).  While  the  roat-huirs  are  as  a  rule  developed  from  the  cells 
of  the  epidermis,  they  may,  in  case  the  epidermis  is  thrown  olf  with  the 
root-cap,  ariBe  from  the  outermost  cortical  layer,  which  then  asBiinies  the 
functione  of  an  epidertnis.  In  any  case  the  epidermia  ultimately  dis- 
appears, and  the  outermost  cortical  layer  becomes  cuiiculariaed  and,  as  an 
IXUDERMIS,  takes  its  place.     In  aerial 

roots  the  epidermis  may  become  con-  r 

Terted  into  a  many-layered  tracheidal 
HOOT-SHEATH  (p.  I0l"l). 

Tlie  I'RIMARV  CORTEX  OF  BOOTS  is 

composed  of  colourless  tissue  which, 
with  few  exceptions,  consists  wholly 
<tf  parenchyma.  Although  the  cells  of 
the  outer  layers  of  the  cortex  are  iin- 
intemiptedty  in  contact  with  one 
mother,  the  inner  layers  arc  often 
provided  with  intercellular  air  cavities 
or  jassages. 

The  outer  layer  of  cells  (Figs. 
120,  126,  129,  ji)  of  the  CENTRAL 
r-VUNDKR  OF  KOOT8  often  forms  the 
pericycle  (poricambium) ;  this  usually 
consists  o[  a  single  layer  of  cells, 
but  may  be  many-layered  or  entirely 
absent.  The  xylem  and  phloem 
portions  of  the  xylem  bundles  of  '  ' 
root«  form  separate  strands  (p.  103),  radially  disjKised  and  alternat- 
ing with  each  other  (^'ig8.  120,  126).  It  has  already  been  shown 
that  thu  narrowest  elements  of  the  vascukr  strand  are  outermost. 
Hoots  are  described  as  diarch,  triarch,  polyarcb,  according  to  the  number 
of  the  radiating  ^-ascular  strands.  For  example,  the  roots  of  .-Icoi-ug 
('■tiamu*  (Fig.  120)  ari;  octarch,  those  of  Allium  Vfjxi  (Fig.  126)  hexarch, 
The  vascular  strands  may  either  meet  in  the  centre  (Fig.  126)  or  they 
may  surround  a  central  pith  {Fig.  120).  Like  the  corresponding 
tissue  in  the  stem,  the  fundamental  tissue  between  the  xylem  and 
phloem  stmnils  may  be  termed  primary  medullary  ray  tissue. 

Tlir-rc  i«  BPvtr  >ii()ri<  tlimi  ant  cvutrit]  nylindpr  in  ■  root  ;  in  the  tilbrra  of 
OreliltU  lliB  a|>|>i(rnu[1y  Urge  nunilier  at  auch  rylinderii  may,  on  jihylogenetii; 
gttiaaii:  be  consiilcrpd  u  Imviii);  rtsultrd  Iiom  s  fuKjon  ur  ad  uqual  number  or 
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Leaves  consist  chiefly  of  fundamental  tissue.  This  tissue  is  a  con- 
timtntion  of  the  fun<iamental  tissue  of  the  primary  cortex,  and  is  termed 
the  mwoPHVl.l-  It  is  traversed  by  vascular  bundles,  and  covered  ex- 
lemnlly  with  an  epidermis.  Aa  the  vascular  bundles  on  enlering  a 
leaf  art-  accompanied  by  fundamental  tissue  from  the  central  cylinder 
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of  the  stem,  they  are  in  reality  partial  cylinders  or  schizosteles.  In 
Pteridophytes,  the  partial  cylinders  of  the  leaves  join  those  of  the  stems, 
and  both  have  the  same  structure ;  in  Phanerogams  each  partial 
cylinder  of  a  leaf  includes  only  a  single  vascular  bundle,  so  that  as 
many  partial  cylinders  as  vascular  bundles  enter  the  leaf.  The  meso- 
phyll  and  the  tissue  of  the  partial  cylinders  always  remain  separated 
in  the  leaves.  The  sheaths  of  fundamental  tissue  from  the  central 
cylinder,  which  often  accompany  the  vascular  bundles  when  they  enter 
the  leaves,  eventually  disappear  with  the  repeated  branchings  of  the 
bundles.  The  mesophyll  thereupon  forms  a  mksophyll  sheath,  which 
corresponds  to  the  phloeoterma  of  stems  (p.  109),  and  closes  contigu- 
ously about  the  free  ends  of  the  bundles  (Fig.  121).  Thus,  in  the  more 
highly  organised  plants,  the  epideiimis,  primary  cortex,  and  the 

TISSUES  OF  THE  CENTRAL  CYLINDER,  OR  OF  THE  PARTIAL  CYLINDERS, 
WITH  THEIR  VASCULAR  BUNDLES,  FORM  ISOLATED  TISSUE  SYSTEMS, 
THE    MUTUAL    INDIVIDUALITY    OF    WHICH     IS    MAINTAINED     TO     THE 

VERY  LAST  RAMIFICATIONS.  The  cells  of  the  mesophyll  sheath  are  char- 
acteristically elongated,  and  are  distinguishable  by  their  uninterrupted 
contact.  In  addition  to  the  isolation  of  the  mesophyll  from  the 
tissue  of  the  partial  cylinders,  the  mesophyll  sheath  has  also  to 
perform  the  important  function  of  taking  up  the  carbohydrates  in 
solution  and  of  transferring  them  from  the  leaf  to  the  stem.  The 
vascular  bundles,  in  turn,  provide  the  leaf  with  water  together  with  the 
salts  held  by  it  in  solution,  and  also  carry  away  the  albuminous  sul>- 
stances  produced  in  the  leaf. 

The  leaf-bundles  of  Gymnosj»erms  are  uiibranched,  and  the  necessary  communi- 
cation between  the  bundles  and  the  surrounding  tissue  is  maintained  by  means  of 
BrxDLP:-FLAN(;Ks.  On  the  vascular  side  of  the  bundle,  the  projecting  flanges  consist 
of  dead  parenchyma  without  j)rotoplasni,  the  cells  of  which  contain  only  water,  and 
are  provided  with  bordered  j)its,  so  that  in  this  respect  they  resemble  tracheids  : 
on  the  ])hloeni  side  the  parenchymatous  cells  of  the  bundle-flanges  are  full  of 
living  protoplasm.  The  transfusion  of  the  contents  of  the  bundles  and  the  sur- 
rounding tissue  is  carried  on  by  means  of  the  bundle-flanges  ;  the  mesophyll  receives 
its  suppl}'^  of  water  from  the  vascular  portion,  while  the  albuminous  substances 
of  the  leaf-tissue  are  in  turn  transferred  to  the  phloem  jwrtion  of  the  bundles. 

In  certain  families  of  the  Dicotyledons,  particularly  in  the  CrOrSsulctetae,  the 
mesophyll  of  the  leaf-lamina  forms  peculiar  masses  of  tissue  called  the  epithkme 
between  the  swollen  terminations  of  the  bundles  and  the  epidermis.  The  cells 
of  the  ei)itheme  are  small  and,  for  the  most  \vMiy  devoid  of  chlorophyll  ;  they 
are  full  of  water,  and  joined  closely  together,  leaving  only  very  small  intersiiaces, 
which  are  filled  with  water.  The  epithemes  serve  as  internal  hydathodes  {cf.  p.  91) 
for  the  discharge  of  water,  in  most  cases  by  means  of  water-jiores  (p.  95)  situated 
immediatelv  over  them. 

The  mesophyll  of  the  coloured  floral  iJ'IAVES  of  the  Angiosperms 
usually  consists  of  a  somewhat  loose  tissue,  containing  intercellular 
spaces  and  traversed  by  vascular  bundles.     The  laminse  of  many  assi- 
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miluting  foliage  leaves,  especially  of  shade-loving  plants,  may  have  a 
similar  uniform  structure ;  but  they  are  usually  more  complicated, 
and  exhibit  a  difTereiice  in  tlie  structure  of  their  upper  and  lower 
sides  (Fig.  130).  Tliey  are,  accordinglj',  dorsi ventral,  and,  in  corre- 
lation with  this  difference  in  structure,  their  tivo  surfaces  react  dif- 
ferently toward  external  influences.  In  such  dorslventral  structures 
the  upiwr  epidermis  is  succeeded  by  one  or  more  lajei-s  of  cylindrical 
parenchymatous  elements  elongated  at  right  angles  to  the  surface,  and 
known  as  the  PALISADE  CKLL.S.  These  are  especially  rich  in  chlorophyll, 
and  contain  only  small  intercellular  spaces.  Adjoining  the  palisade 
parenchyma,  and  extending  to  the  epidermis  {ep")  on  the  under  surface 
of  the  leaf,  is  a  loose  tissue  called  the  spongy  parenchyma.  In  contrast 
to  the   palisade  cells,  the   cells  of  the   s]^)Ong}'  parenchyma   are  less 


abundantly  supplied  with  chlorophyll ;  they  are  also  mitcU  more 
irregular  in  shape,  and  enclose  large  intercellular  air-spaces.  The  pali- 
sade cells  arc  elongated  in  the  same  direction  in  which  the  rays  of 
light  )ienetrate  the  leaf-lamina,  and  by  this  means  arc  particularly 
adapted  to  their  special  function  of  assimilation.  The  spongy 
parenchyma,  on  the  other  hand,  is  arranged  to  facilitate  the  free 
passage  of  gases,  and  to  that  end  develops  large  intercellular  spaces 
in  direct  communication  with  the  stomata  of  the  under  epidermis. 
HABKRLANDThascstimated  that  to  every  square  millimetre  of  surface  in 
a  leaf  of  liidnu^  rumiiiiiiiU  there  are,  in  the  palisade  ceils,  41)3,200 
cidiirophyll  granules;  in  the  cells  of  the  sjiongy  parenchyma  oidy 
92.000  ;  that  is,  82  per  cent  of  all  the  chlorophyll  granules  belong  t»  tlie 
np[)er  surface  of  the  leaf,  and  only  1><  per  cent  to  the  under  side. 
The  palisade  cells  are  often  arranged  in  groujis,  in  which  the  lower  ends 
of  the  cells  of  each  group  converge  (t'ig.  130).     In  this  way  several 
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palisade  cells  come  into  direct  contact  with  a  single  expanded  cell  of  the 
spongy  parenchyma,  which  thus  functions,  apparently,  as  a  collecting 
cell  for  a  group  of  palisade  cells.  The  products  of  assimilation  are 
passed  on  from  the  collecting  cell  through  the  spongy  parenchyma, 
to  be  finally  earned  to  the  mesophyll  sheath  surrounding  the  vascular 
bundles. 

In  the  cross-section  (Fig.  130)  of  a  leaf  of  the  Beech  {Fagus  silvatiea)  only  a 
small  vascular  bundle  is  shown.  The  large  bundles  are  so  surrounded  by  elongated 
colleuchymatous  cells  that  they  ajjpear  as  i>rojecting  ribs  on  the  under  side  of 
the  leaf.  In  other  leaves  the  vascular  bundles,  especially  on  the  phloem  side,  are 
accompanied  by  sclerenchymatous  fibres.  Other  strands  of  sclerenchyma  which 
are  independent  of  the  vascular  bundles  are  often  met  with  in  the  hyi)odenna. 
Single  {k)  and  aggregate  crystals  {k')  are  also  present  in  the  mesophyll  of  leaves. 
Often,  as  in  tlie  case  of  the  Beech,  cells  containing  single  crystals  accompany 
the  bundles  throughout  their  whole  course.  In  addition  to  crystal  cells,  all  the 
other  fonns  of  secretory  cells  and  glands  may  exist  in  leaves. 

At  the  base  of  the  lamina  the  tissues  close  together  and  pass  into 
the  leaf  petiole.  The  dorsiventral  structure  of  the  leaf  becomes  less 
evident  in  the  petiole ;  the  cells  become  more  elongated,  either  for 
the  better  performance  of  their  conductive  functions,  or  to  enhance 
the  mechanical  rigidity  of  the  tissue.  In  Angiosperms  the  partial 
cylinders  of  the  leaf,  usually  an  odd  number,  and  each  containing  a 
single  vascular  bundle,  arrange  themselves  in  regular  order  as  they 
pass  through  the  petiole,  and  frequently  form  a  bow-shaped  figure, 
opening  upwards.  On  entering  the  stem  the  vascular  bundles  of  the 
leaf  join  the  vascular  bundles  of  the  central  cylinder  ;  the  fundamental 
tissue  of  the  leaf -cylinders  becomes,  similarly,  united  with  the  corre- 
si)onding  tissue  of  the  central  cylinders.  In  the  petioles  of  Ferns,  the 
partial  cylinders  are  accompanied,  as  in  the  stem,  by  sclerenchymatous 
fibres.  It  is  the  peculiar  arrangement  of  these  brown-walled  scleren- 
chymatous plates  which  forms  the  double  eagle  apparent  on  cross- 
sections  of  the  petiole  of  Pteris  aquilina,  and  from  which  it  derives  its 
specific  name.  The  partial  cylinders  of  the  leaves  of  Pteridophytes 
also  join  the  partial  cylindei*s  of  the  stem,  and  their  corresponding 
elements  become  united. 

The  Course  of  Vascular  Bundles. — The  bundles  maintain  a  definite 
course  and  armngement  within  the  body  of  a  plant.  It  is  some- 
times possible,  by  maceration,  to  obtain  preparations  in  which  the 
course  taken  by  the  bundles  may  be  followed.  Similarly,  by  allow- 
ing a  leaf,  stem,  or  fiower  to  lie  in  water  until  it  has  become  softened 
and  disintegrated,  a  skeleton  formed  by  the  more  imperishable  vascular 
system  may  be  obtained. 

Vascular  bundles  which  pass  from  a  leaf  into  a  stem,  and  continue 
for  a  distance  in  a  distinct  course,  are  called  lkaf-traces.  The  leaf- 
traces  may  be  composed  of  one  or  more  vascular  bundles,  and  are 
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dinglf  dUtiDguished  as  one-strand  or  niany-atr»nd  leaf-traces. 

itimes  u  single  vascular  bundio  becomes  branched,  and  bo  appeai-s 

Q  composed  of  more  than  oiio  bundle.     Eventually,  however,  each 

die  coalesces  with  another  entering  the  stem  from   a  lower  leaf. 

!  arrangement  of  the  bundles  in  a  stem  varies  according  to  the 

&nce  and  direction  traversed  before  the  coalescence  of  the  bundles 

ikes  place.     A  relatively  simple  bundle  arrangement  may  be  seen 

B  the  EqaUrltueat.     In  this  family  the  leaves  are  arranged  in  alcer- 

laating  whorls.       From  each  leaf  a  one-strand  leaf-trace  enters  the 

litem :  at  the  next  lower  nmie  each  bundle  bifurcates,  and  each  halt 

nlesces  with  the  bundles  entering  the  stem  from  the  leaves  of  that 

node.     This  arrangement  of  the  bundles  may  be  shown  diagrammatic^ 

allj-,  by  representing  the  bundles  as  if  on  the  surface  of  an  unrolled 

cylinder,   so   that  they  all   appear  in  one   plane.     This  is  shown  in 

I  fig.  131,  and  the  conneetions  of  the  bundles  of  the  lateral  branches 

■with  the   bundles  of  the  parent  stem  are  jiIbo 

I  ig).      As  the  branches,  in   the  case  of 

e  Eqiiisfiaeeue,  alternate  with  the  leaves,  their 

entering    the    stem    are    between 

ivo  leaf-traces  of  the  same  node,  and  at  once 

Kome    fused    with    the    leaf-trace   which    has 

me  from  the  leaf  immediately  above  them  in 

B  next  higher  node.     The  arrangement  of  the 

ndles   in   the  Yew   (T'wnx  hncmln),  although 

I  leaf-tracua  have  oidy  one  bundle,  is  much 

lore   complicated  {Fig.    132),  for  tlie  bundles    a'^\ 

'ftintain  a  distinct   course  throughout   twelve   p^,^  y^^  -Diag™"!  «in>«ini: 

temodes  liefore  coalescing-     Each  bundle  at       ti><i<Mmni'>nfthei-<iKiiiar 

descends  in  a  straight  direction  through       ''"n"'""  '"  "-b?  ■irm  of 

nr  intcrnodes ;  it  then  curves  to  the  side  to       p*^,„„  ^  ^^^iZ'bm- 

Ire  place  to  a  newly. entering  leaf-trace,  with       iiie.  otti.s  tawni  shot*. 

4ieh  it  finally  coalesces  at  the   twelfth  inter-       >i|ithjho«  or  tii*  p.«r,i 

The  [xwitiun  of  a  leaf  necessarily  deler- 

puncA  the  i>oint  of  entrance  of  its  leaf-trace   into   the   stem,   and 

»rdingly  a  diagram  (Fig.  1 32}  of  the  bundles  of  TnriiR  will  exhibit 

«  divergence  of  the  leaf-trace  corresponding  to  the  i*g  divergence  of 

the  leaves.     The  course  taken  by  the  leaf-traces  in  the  stem,  however, 

is  indnpondent  of  the  leaf  position,  and  varies  considerably  in  different 

I,  although  the  divergence  of  their  leaves  may  be  the  same. 

A«  a  general  rule,  the  leaf-trace  bundles  in  Gyninospcrms  and 

lotyledons  arrange  themselves  in    a  circle    in    the  stem.      There 

;,  however.  Dicotyledons  in  which  the  vascular  bundles  form  two 

a  dutt^a,  Piper)  or  more  circles  (Amaranivg,  I'apai^r,  Tlmliftviim). 

B  the  inner  circle  is  usually  more  or  less  irregular. 

In  the  sterna  of  Monocotyledons  (Fig.  124)  the  vascular  bundles 

::att«red,  and  without  any  apparent  regular  order.    Their  irregular 
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^B                    arrangement  is  due  to  the  varying  distances  to  which  t)ie  bundles  of  the 
^1                    leaf-traces  jienetrate  into  the  central  cylinder  of  the  stem.    A  common 
H                       arrangement  of  the  bundlea  in  monocotyledonona  sterna  ia  that  of  the 
H                       so-called  Palm  type,  in  which  each  leaf-trace  consists  of  the  iiumerons 
B                     bundles  which  pass  singly  into  the  stem  from  the  broad  leaf-base.    The 
H                     median  bundle  penetrates  to  the  middle  of  the  stem.     The  depth  to 
H|*                     which  the  lateral  bundles  penetrate  varies  with  their  remoteness  from 
H                       the  median  bundle.     In  their  descending  course  the  bundles  gradnally 
H                       curve  outwards,  and  finally  join  other  bnudles  near  thi'  periphery  rf 
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e  number  of  intemo«les,  therefore,  through  w 
coalescence  ie  variable  ;    the  median  bun 
tinct  for  the  longest  distance.     Tlie  defl|ie 
ength  of  the  median  bundle  become  apparen 
section  of  Buch  a  stem  (Fig.  133).      In  ad 
dies  or  common  bundlkh,  which  are  commo 
pe  are  others,  called  i:AiruNE  BUNDLES,  which 
and  again  others,  foliar  hl'ndi.ES,  which,  or 
e  leaf,  at  once  coak-sce  with  other  bundles 

lich  a  bundit 
We,  however, 
r  petietratioD 
in  n  niediaD 
ditton  to  the 
n  to  both  leaf 
belong  solely 
entering  tha 
and  have  no 
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independent  existence  in  the  stem.  The  bundles  enclosed  in  the 
partial  central  cylinder  of  the  Pteridophytes  are  continued  as  cauline 
bundles  in  the  stem,  and  those  from  the  partial  cylinder  (Schizostele) 
of  the  leaves  join  on  to  the  bundles  of  the  stem. 

The  stems  of  m&ny  Dicotyledons  (Bpgoniita,  Araliua}  in  addition  to  leaf-traces 
IBMscns  cauline  bundles,  which  are  situated  in  the  liith  within  the  ring  of  leaf- 
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trai'.-  liinidlfs  of  the  interno'li's  ;  while  tlie  airangi-raent  of  the  hundlp"  at  the 
nixli'i  i*  more  comjilicated,  ax  the  Pauline  hundh's  then  branch  nmi  arc  eunnecteil 
with  the  leaf-traces. 

Within  the  central  cylinder  of  roots,  the  xyleni  and  phloem  strands 
pursue  their  vertical  direction  without  deviation.  If  the  changes 
occurring  in  the  arrangement  of  tlie  vascular  bun<]les,  during  their 
passage  from  the  hypocotyl  (p.  45)  into  the  root,  he  followed  in  a 
see<lling,  it  will  be  found  that  the  xylem  and  phloem  i>ortions  of 
collateral  bundles  separate  from  one  anothec,  and  at  the  same  time 
the   xylem  portions  twist  through  an  angle  of    ISO',  so  that  their 


inner  sides  become  turned  outwartk.  The  separation  of  the  xs^lem 
and  phloem  mity  be  accomplished  without  any  further  division  of  tha 
bundles,  the  xyleni  and  jildoem  portions  of  which  then  simply  arrBng;e 
themselves  side  by  side  ;  or  it  may  be  accompanied  by  a  complete 
radial  division  of  the  phloem,  and  a  subsequent  coalescence  between 
the  parts  of  the  phloem  of  different  bundles.  In  the  adjoining  figure 
(fig.  134)  the  transition  stages  occurring  in  the  Yew  (Taxus  bacrala) 
are  diagrammatical ly  shown.  The  two  vascular  bimdles  from  the 
cotyledons  (<x),  in  their  passage  through  the  hypocotyl,  undergo  a 
radial  division  extending  through  the  phloem  to  the  protoxylem. 
ITie  two  halves  of  each  xylem  portion  separate  from  one  another, 
and  the  protoxylem  strands  turn  through  ISO"  and  thus  come  to  lie 
on  the  inner  side  of  the  xylem  strands.  The  two  halves  of  the  phloem 
portion  separate  from  each  other  in  a  tangential  direction,  and 
coalesce  with  the  phloem  portion  of  the  adjacent  bundle.  Thus,  in  the 
root,  two  phloem  strands  finally  alternate  with  two  xylem  strands. 
At  the  same  time,  owing  to  the  disappearance  of  the  pith,  there  is  a 
diminution  in  the  diameter  of  the  central  cylinder  of  the  roots, 

A  Special  Form  of  Growth  In  Thickness  of  the  Stem  by  means 
of  the  Continued  Enlar^ment  of  the  Fundamental  Tissue. — This 
is  often  exhibited  by  many  Palms.  EicHLEit  has  shown  t.hut  growth 
in  thicknesa  is  solely  due  to  the  continued  expansion  of  the  already 
existing  cells  of  the  fundamental  tissue  of  the  central  cylinder,  in 
this  process,  by  the  expansion  of  the  cell  himen  and  increased 
thickening  of  the  walls,  the  strands  of  sclereiichymatous  fibres  accom- 
panying the  vascular  bundles  on  their  phloem  sides  also  become 
greatly  enlarged.  In  this  form  of  growth  in  thickness,  which  appears 
to  be  limited  to  the  Palms,  no  new  elements  are  formed. 


The  Secondary  Tissues  ' 

Through  the  activity  of  a  cambial  tissue,  functioning  either  as  a 
primary  or  secondary  meristem  (p.  90),  secondary  tissues  are  added 
to  the  previously  existing  primary  tissues,  or  even  substituted  for 
them.  Although,  phylogenetically  considered,  secondary,  tissues  seem 
to  have  been  developed  first  in  the  Pteridophytes  in  forms  now  only 
known  in  a  fossi!  condition,  Catamarieiie,  SiffilliirUiif,  Lepidudendru,  they 
are  now  only  of  general  occurrence  in  the  Phanerogams,  and  iu  them 
the  formation  of  secondary  tissues  is  almost  exclusively  confined  to 
the  roots  and  stems. 

The  Cambium  Ring. — The  cambium  of  the  open  vascular  bundles  of 
Oymnosperms  and  Dicotyledons,  which  exhibit  a  growth  in  thickness, 
commences  its  activity  almost  directly  after  the  formation  of  the 
piimary  tissue.  The  cambium  or  primary  meristem  remaining  between 
the  xylem  and  phloem  portions  of  the  bundles  consists  of  only  a  few 
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I  of  thin-walled  cella  full  of  protoplasm.  Of  these  cnmbinl 
i  the  middle  one  is  termed  the  initial  layer;  and  from  it 
e<ls  the  developmeot  of  new  tissue  elements.  Its  nctivity  consists 
[  IB  a  continued  division  by  menns  of  tangential  and  occitsionnlly  radial 
walla.  The  new  cells  thus  continuously  given  off  toward  the  xylem 
and  phloem  sides  of  the  bundles  experience  another  tangential  division 
before  attaining  their  definite  form  as  elemeots  of  the  xylem  or  phloem 
portions.  The  vascular  bundles  of  Gymnosperms  and  Dicotyledons 
capable  of  secondary  growth  are  usually  arranged  in  a  circle.  Afttr 
the  cambium  in  the  bundles  begins  ite  activity,  a  zone  of  tangentially 
dividing  tissue,  called  the  INTERFASCICULAR  CAMBIVM,  develops  in  the 

(primary  medullary  rays  between  the  original  bundles,  and,  uniting 
with  the  cambium  in  the  bundles,  forms  a  complete  cambium  ring. 
This  cambium  ring  Is  thus  composed  of  two  distinct  forms  of  meri- 
atematic  tissue ;  for  while  the  cambium  of  the  bundles  or  the  FAtic!- 
Cn^K  CASiBltM  consists  of  primary  meristem  (p,  90),  the  connecting 
■one  of  interfascicular  cambium  is  of  later  development,  and  is  con- 
wquently  a  secondary  meristem  (p.  90).  A  cross-section  of  a  young 
■tern  of  Aritli)loehia  Siplw,  with  the  cambium  ring  in  process  of 
formation,  is  represented  in  Fig.  135;  in  Fig.  136  a  single  bundle 
of  the  same  cross-section,  more  _ 

highly  magnified,  shows  the  fas- 
OGular  cambium  in  a  condition 
active  division.     Within  the 
indle  may  Iw  seen  two  l.ii^e 
(m"),   in  a  still  incom- 
ilet«    state ;    while    in    the    ad- 
iiiing  fun<lnmental  tissue  the 
hich  give  rise  to  the  in- 
terfascicular   cambium    mny   lie 
^Kinly  diatinguished.     All   the 
arising    from    the    inner 
nde  of  the  cambium  ring  goes 
to  form  the  wood,  while  that 
fn>dilc«d    on     the    outside     is   : 
tanned     hast.       The     vascular 
portions  of  the  wood  form  the 
Wood  BTIIAN-DS,   the   sieve  por- 
tioiis  within  the  bast  the  bast 
VTRANDS.     By   the   activity   of 
the  int«rfaaciculAr  cambium,  the 

primary  medullaty  rays  aro   continued  throughout  both   the  wood 

vu\    bast.      As    the   wood   and    bast   strands    enlarge,    secondary 

MSDULLARV  KAY.s  are  developed  from  the  fascicular  cambium.      In 

direction  the  secondary  medullary  rays  terminate  blindly  in  the 

i\,   and    in   the  other   in    the    l»ast ;    the  later  they  develop,  the 
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less  deeply  they  penetrate  the  tisBues  on  either  Bide  of  the  cambiuro 
The  pnmarj  medulliry  rays  are  therefore  often  distinguished  as 
long  the  secondary  as  short  medullar}  rajs  The  expression  trans- 
verse parenchyma  is  also  sometimes  used  to  designate  the  medullary 
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rays,  which  in  fact  are  composed  almost  exclusively  of  parenchymat- 
ous! tissue.  The  cells  given  olf  hy  the  initial  layer  of  the  cambium 
for  tlic  formation  of  medullary  rays  do  not  undergo  a  further  division, 
as  in  other  cases,  hut  assume  at  once  the  character  of  medullary  ray 

cells. 

Tiic  cnmbiuTu  i'cIIh  lii»vf.  for  the  iiioi!t  part,  tlic  sliap  of  right-angled  priama,  of 
u'liich  the  radial  diinnptvr  is  snialivr  Ihan  thr  tnugcntial.     The  ends  of  tbew  prianii 
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I  *R  uaiiBilly  on«-8idwI,  Upfriugb>a]iomI,  alternate] j  on  the  right  anil  kit  BJdvn.    Tho 

W  lan^h  of  thf  oinibiuin  cctU  varies  in  dilTerpnt  plants,  but  those  ttom  which  meriul- 

luy  r»y»  an  rormed  an*  the  sIiaTter.     The  priniaij  voucular  portions  of  Uie  bundles 

I  ptiJMtiBg  into  the  mi^dulla  constitute  what  is  known  as  the  mf.DI'L(,akv  sHCAiii. 

Owing  to  climntio  variations,  the  cumbium  tisaue  of  woody  plante 
[  txhibtts  a  periodica!  activity  which  results  in  the  formation  of 
[  ANsrxL  RINGS  of  growth  (Figs.  137,  139,  145).  In  spring,  ciuring  the 
f  period  of  energetic  growth,  larger  tracheal  elements  are  developed 
rthan   in  the  foltowing  seasons  (Figs.   139,  14G).     For  this  reason  a 


i?>G.  117,— Pnflioi)  of  ■  foiir-jwr-: 
r*na  vinr;  I.  nUM  view;  i. 
ynUatUtB ;  1,  9,  9<  *,  fx  rnui 


•mil:  ">.  inctatli : 

Junction  of  the  vrn 

■ml  Ungsntlil  via' 

but:  K  rain  uiwlii  i 


lifference  is  perceptible  between  the  EARLY  WOUD  (spring  wood),  which 
■  composed  of  large  elements  especially  active  in  the  conveyance 
4  water  (Fig.  13!),/),  and  the  late  wood  (autumn  wood),  consisting 
4  narrow  elements  which  impart  to  a  stem  its  necessary  rigidity  (Fig. 
,39,  !•).  Thronghout  the  greater  part  of  tho  temperate  zone,  the  forraa- 
ion  of  wood  ceases  ipi  the  latter  port  of  August,  until  the  following 
pring,  when  the  larger  elements  of  the  spring  wood  are  again 
[BVeloped.  Through  the  consequent  contrast  in  the  structure  of  the 
•rly  and  the  lat«  wood,  the  limits  {Fig.  137,  i)  between  Buccessive 
nnnal    rings   of  growtli   become  so  sharply  riefined  as  to  be  mible 
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even  to  the  naked  eye,  and  so  serve  as  a  means  of  computing  the  age 
of  a  plant. 

Under  certain  conditions  the  number  of  annual  rings  may  exceed  the  numl>er  of 
years  of  growth,  as,  for  instance,  when  midsummer  gkowth  occurs,  such  as  commonly 
happens  in  the  Oak,  when,  after  the  destruction  of  leaves  by  cateriullars,  a  second 
formation  of  spring  wood  is  occasioned  by  the  new  outgrowths  thus  induced.  In  the 
wood  of  tropical  plants  the  annual  rings  may  be  entirely  absent.  This  occurs,  for 
example,  in  the  tropical  Conifers  of  the  genus  Araiicariay  which,  in  this  respect, 
show  a  marked  contrast  to  the  Conifers  of  the  northern  zone.  Any  interruption  of 
growth,  such  as  would  occur  during  a  drought,  followed  by  a  period  of  renewed 
activity,  may  occasion  the  formation  of  annual  rings  even  in  tropical  plants. 

Although  a  cessation  in  the  formation  of  wood  takes  place  so 
early,  the  cambium  tissue  continues  to  form  bast  so  long  as  climatic 
conditions  permit.  As  a  rule,  however,  fewer  elements  are  added 
to  the  bast  than  to  the  wood.  Up  to  a  certain  period,  in  the  age 
of  woody  plants,  the  elements  of  both  wood  and  bast  exhibit  a 
progressive  increase  in  size. 

The  living  elements  may  remain  in  a  state  of  greater  or  less  activity 
throughout  the  whole  of  the  wood,  extending  even  to  the  pith ;  such 
wood  is  called  splint  wood :  the  Beech  {Fugiis  sylvatka)  may  be  quoted 
as  an  example ;  in  the  other  wood,  the  heart-wood,  the  living  elements 
die  after  a  certain  time,  so  that  only  dead  tissues  are  found  within  a 
certain  distance  of  the  cambium.  Before  the  death  of  the  living  cells, 
they  usually  produce  certain  substances,  such  as  tannin  and  gums, 
which  penetrate  the  cell  walls  of  the  surrounding  elements,  and  also 
partially  close  their  cavities. 

The  tannins  impart  to  the  dead  wood  a  distinct  colour,  often  very 
characteristic,  especially  when  it  has  been  transformed  into  wood 
dyes,  or  so-called  xylochromk.  The  tannin  in  the  woody  walls  acts 
as  a  preservative  against  decay,  while  the  gums  close  the  functionless 
water-courses  of  the  dead  wood.  The  dead  portion  of  the  wood  of 
a  stem  is  called  the  heart-wood  or  duramkn,  in  contrast  to  the  living 
SAP-WOOD  or  ALBURNUM.  Usually  the  splint  or  sap-wood  is  at  once 
distinguishable  from  the  heart-wood  by  its  lighter  colour.  In  some 
stems,  however,  the  heart-wood  does  not  change  its  colour.  In  that 
case,  as  the  protecting  materials  are  generally  absent,  it  is  liable  to 
decay,  and  then,  as  so  often  occurs  in  the  willow,  the  stem  becomes 
hollow. 

The  sai»-wood  is  limited,  according  to  the  kind  of  wood,  to  a  larger  or  smaller 
number  of  tlie  younger  annual  rings,  and  to  it  falls  the  task  of  water-conduction. 
The  distinction  between  sap-  an«l  heart -wood  is  shari^st  where  the  latt4?r  is 
dark-coloured,  as  in  the  Oak,  with  its  brown  heart-wood,  and  in  species  of  />i<>s- 
ptfi'os,  wliose  black  heart-wood  furnishes  ebony.  The  darker  the  heart-wood,  the 
harder  and  more  durable  it  usually  is.  The  following  ma}'  be  mentioned  as  examples 
of  woods  which  yield  dyes  and  colouring  principles — Hacniatoxylon  campechianum, 
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L.  (Cam peachy  wood,  logwood),  with  a  blue  heart- wood  from  which  hematoxylin 

is  extracted  ;  Pterocarpus  santalinuSj  L.  fil.  (red  sandal-wood),  from  the  heart-wood 

of  which  SAXTALIN  is  obtained ;  Caesal- 

pinia  brasilicnsiSf  L.,  and  C.  ecJiinata, 

Lam.  (Brazil  wood,  Pernambuco  wood), 

with  a  red  heart- wood  which  supplies 

BKASILIN ;    and    the    Alsage     Orange, 

Madura  auraiUiaca^  Nutt.  (yellow^  Brazil 

wood),  which  has  a  yellow  heart-wood 

from  which  morin  is  derived. 

Tyloses  (Fig.  138)  are  also  instru- 
mental in  closing  the  water-courses  of 
the  heart-wood.  These  are  intrusive 
growths  from  living  cells,  which  pene- 
trate the  cavities  of  the  adjoining 
tracheal  elements  during  the  transition 
of  the  sap-wood  into  heart-wood.  In 
the  formation  of  tyloses  the  closing 
membrane  of  the  pits  of  pitted  vessels 
forms  bulging  ingrowths  into  the  vessel 
cavities.  Such  bulging  ingrowths  in-  fig.  138.  — Transverse  section  of  a  vessel  from 
crease  in  size  until  several  meet,  and  so  the  heart-wood  of  Robinia  rseudacacin,  rlosed 
more  or  le^s  completely  close  the  cavities         *'y  ^>''«8«* ;  at  a,  a  is  shown  the  connection 

t,  ^x  1     •    i.        V  •   u   i.1        1  •  between  the  tyloses  and  the  cells  from  which 

of  the  vessels  into  which  they  have  in-         ♦,      ,        ,        ,         t     ^    »r^\ 

^  they  have  been  fonue<l.    (x  800.) 

tmded.     The  closing  membrane  of  the 

bordered  pits  in  the  heart-wood  is  pushed  to  one  side,  so  that  the  torus  presses 
against  the  opening  of  the  pit  and  completely  closes  it.  According  to  H. 
>1ayk,  resin  does  not  penetrate  the  walls  of  wood  cells  under  nomial  conditions  ; 
the  wood  of  Conifers  only  becomes  resinous  through  the  impregnation  of  the  cell 
walls  with  resin,  after  they  have  become  dried  up  through  wounds  or  other  causes. 
The  resin-ducts  of  Conifers  may  also  be  closed  by  the  formation  of  tyloses. 

The  elements  of  secondary  growth  in  Gyranosperms  and  Dicoty- 
ledons differ.  The  vascular  strjinds  of  Gymnospemis  are  composed 
almost  exclusively  of  tracheids  (Fig.  139).  These  are  provided  with 
bordered  pits  which  are  situated,  for  the  most  part,  in  their  radial 
walls.  With  the  exception  of  the  genus  Ephedra,  true  vessels  are  not 
found  in  the  secondary  growth,  nor  in  the  primary  vascular  portions,  of 
the  bundles  of  Gymnosperms.  The  wood  produced  by  the  cambium 
consists  of  radial  rows  of  tracheids,  the  number  of  which  is  occasionally 
doubled  by  the  radial  division  of  a  cambium  cell  (Fig.  139,  a).  The 
tracheids  of  the  early  wood  (/)  are  distinguishable  from  the  late 
tracheids  {s)  by  their  larger  lumina. 

In  the  Pine,  the  early  as  well  as  the  late  tracheids  have  bordered  pits  in  their 
radial  walls  only  ;  while  in  other  Conifers  they  are  present  also  in  the  tangential 
walls  of  the  later-formed  tracheids.  The  bonlered  pits  in  the  early  tracheids  are 
not  only  more  numerous,  but  also  larger  than  those  in  tlie  later  tracheids  (Fig. 
141,  t).  The  tracheids  are  often  over  a  metre  long,  much  longer  than  tlie  canibiuni 
cells  from  which  they  are  developed.  They  attain  this  length  l)y  a  suhseciuent 
growth,  during  which  their  growing  ends  become  pushed  in  between  one  another. 


In  addition  to  the  tracheide,  small  Amounts  of  wood  parenchyma 
are  also  produced  in  Gymnosperms  by  a  transverse  division  of  the 
cambium  cells.  It  is  in  the  parenchymatous  cell  rows  of  the  wood  of 
Pines,  Spruce-Firs,  and  Larches  that  tlio  schizogenous  resin-ducts  are 
produced  (Fig.  139,  h).  In  other  Conifers  the  wood  parenchyma  con- 
sists of  simple  rows  of  cells,  which  afterwards  become  filled  with  resin. 

In  the  structure  of  their  secondary  tissue  the  wood  strands  of 
Dicotyledons  exhibit  a  great  variety  of  form.  These  structural  differ- 
ences may,  however,  be  reduced  to  a  few  phylogenetic  variations.  In 
fact,  it  is  customary  to  derive  all  the  elements  entering  into  the  forma- 


tion of  the  wood  of  Dicotyledons  from  the  two  classes  of  tissue  already 
met  with  in  the  Gymnosperms,  tracheal  tissue  and  the  parenchymatous 
tissue  of  the  wood.  To  the  tracheal  tissue  belong  the  TRACHEIDS  (Fig. 
143,  t)  an<l  the  vesskl-s  (y).  Under  the  parenchymatous  tissue  of  the 
wood  ai-e  included  wooi>  parenchyma  (Fig.  Hi,  hp),  with  relatively 
short  cells  rich  in  contents  ;  FIBROUS  cells  {ef),  of  greater  length,  but 
with  similar  contents  and  not  more  strongly  thickened ;  and  wood 
FiiiitK.s  (A),  which  are  usually  greatly  elongated,  pointed  at  both  ends 
and  strongly  thickened. 

The  truchcHl  tissue  eoiisitits  of  L-li'iuput«  ivliieli  lose  tlmir  living  contenla  at 
all  early  Htagf,  uiiil  iii  tlii^ir  fully -dcv el iijied  coiulitioii  ure  in  reality  onlv  dead 
I't'll  caiitiea.     In  tiiis  elans  are  included  niAinKciis  having  relatively  wide  hiniiua 
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mail  large  bordered  pits  (Fig.  143,  0.  and  often  also  spirally  tliiekened  tracheida 

whicli  serve  as  water-carriora  ;  VASfVLAB  TBACHBJDs  [gl),  with  sinular  functions, 

but  witli  the  Btructure  and  thiuken- 

ings    of    vcssela;    FIBRE    TUArnEIiJK 

(/')•  "ilh  small  lumina  and  pointed 

t-uda,    having  only   small,   obliquely 

el<mgated  bordered  pits,  and,  in  ex- 

treme    caiiea,  exereiainfi;   nierely   mf- 

clianicsl  functions  ;  and   linally  tka- 

ruEx  (i/),  Tonned  by  cell  fusion,  and 

pronded  with  all  the  dilTerent  fonns 

of  thickenings    by  which    they    are 

distinguislicd     ai     annular,     spiral, 

reticulate,    or    pitted    vessels.      All 

ressels  function  as  water-carriers.      If 

they  have  small  lumina  and  resemble 

tracheidK,  they  niay  be  distinguished 

gKnerally  the  case,  they  Iiave  boidered 
pits  un  their  lateral  walls,  they  are 
usually  provided  with  tertiary  thick- 
ening layers  in  the  forni  of  thin  spiral 

bands  (Fig.  14S,  hi).     In  the  jiaren-  '« 

chymatoas  tissue  of  tlie  wood,  the  t'lu.  14V.— Purt  ot  *  irntinvKrse  imlioti  of  Uie  sieni 
ertis  (Fig.  14i)  generally  retain  their  o(  .  Pluf.  »,  Lnu-  woei.l ;  r,  cambium ;  r.  sieve- 
liTJng  contents,  and  never  develop  luliet;  i.,  but  jarencbyua ;  *,  «ll  uf  but 
true  bordered  pits  with  a  torus  in  i"™,',m»^'a]td 'ft  u'ttcHUr*'-"!!!'  mw'nltaty'c^' 
the  elwing  membrane,  which  are  {x^4CI.) 
so    clmracti-ristic    of    the    water-con - 

duetiug  elements.  All  tissues  of  tliis  class  may  be  Ust  deriveil  from  wood 
pureDchyma.  The  wood  parenchyma  is  produced  by  transverse  divisions  of 
tile  cambium  cells,  anil  accordingly  consists  of  rows  of  cells  (lip)  with  traiisversi- 
dirisioD  walls,  and  others  obUi^uely  disjioscd,  which  corresj-ond  to  the  alternately 
diflerenlly  jioiiited  ends  of  tlie  cambium  mother  cells,  Tlie  cells  of  the  wood 
]jarenchyina  are  provided  with  simple  round  or  elliptical  pits,  varying  in  size  in 
dillereut  kinds  of  wood  ;  they  generally  contain  .starch  ;  and  some  of  tliem  alsi> 
take  up  by-products,  resulting  from  metabolism,  or  from  tlie  chi'inicul  changes  taking 
place  within  a  plant  in  the  processes  of  its  nutrition  and  gron  th.  Tlie  cells  having 
the  closest  resemblance  to  those  of  typical  wood  jarenchynia  are  the  so-called 
FlBnors  I'ELLH  (r/j.  In  their  eontents,  as  well  as  in  their  wall  thickenings,  they 
are  similar  to  the  cells  of  wimkI  jiarenchyina,  but  are  formed  directly  from  one 
entire  cambium  cell.  In  tlieir  formation,  the  cells  of  the  cambium  tissue  do  not 
undergo  a  transverse  division,  but  become  more  or  less  elongated  and  Rbruus,  The 
LIDKIFOBM  FiBUEs  OT  WOOD  FlBKKs  {h)  liavc  a  similar  origin,  but  ore  even  more  elon- 


gated and  have  thicker  walls,  and,  at  the  same 

iiiinplc  pits.     Although  the  wood  fibres  may  con 

d«relnjied  forms  (A)  they  lose  tlieir  living  contvnl 

air,  and  thetr  function  is  merely  nirehanical.     Uii 

Umnaverso  divisions,  the  librifonu  libres  may  liitciime  transformed  int 

vmili   FIHILEH  ((^A).      The   transverse   septa   thus   formeil   remain   tliiii, 

■  striking  contrast  to  the  more  strongly  tliickene<l  lateral  walls. 


obliquely  elongated, 

living,  in  the  more  extremely 

Thuy  are  then  Hlled  with 

IT  certain  conditions,  by  laler 
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While  the  tracheal  tissues  are  engaged  in  providing  for  the  conduc- 
tion of  water,  the  duty  of  conducting  and  storing  the  products  of 
assimilation,  in  particular  the  carbohydrates,  is  parformed  by  the 
parenchymatouB  tissues  of  the  wood.  Both  forms  of  tissue,  however, 
aid  in  maintaining  the  rigidity  and  elasticity  of  the  plaut  body,  and,  in 
their  most  extreme  development,  furnish  auch  elements  as  the  fibre 
tracheids  on  the  one  hand,  and  on  the  other  the  empty  wood  fibres 
which  are  only  capable  of  performing  mechanical  functions. 

The  wood  of  Dicotyledons  is  made  up  of  the  elemenbi  of  theaa 


I1U7  nj  cell! ;  m,  luclaUiiry  my  crtis  In  tta«  wood,  cunUliilnjt  ■Urcb ;  in',  llui  tuiir,  111  tin 
hut:  ni,  iiiBilulUty  my  cslli,  with  ilbiiniliioui  cuuUDtB.    <■  240.) 

two  classes  of  tissue,  the  tracheal  and  the  parenchymatous,  but  all  tb* 
ditferant  elements  are  not  necessarily  represented  in  any  one   kind 

of  wood. 

Drimyi,  u  genus  closely  allied  to  tlia  Magnolias,  19  the  only  Dicotylnlon  of 
whidi  tlic  n'ood  !■  formed  iwlely  ot  tMcbeidn.  This  Dicotyledon  closely  resemUtt 
the  Cooifers  in  Btructnrc.  lu  awaetoaa  Legaminvsae,  WiUowK,  ro{ilar«,  ivnd  sjieciM 
o!Ficiu,oa  the  other  lianii.  the  tracheal  tissues  axe  only  reiiresented  by  vcMet*, 
which  perform  the  task  of  water-conduction.  Id  the  wood  atrand*  of  those  jdanti 
there  are  kIbo  jiresent  wood  parrnchyraa  and  n  Urge  amount  of  wood  Rbm,  whick 
contain  only  aii.  lu  AtB}iluii,  on  the  contrary,  tiie  wood  fibrea  contain  living  [mb^ 
plasm  and  starch  ;  this  ciicumstance  rendt^s  the  formntion  of  wood  ptnncbymt 
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in  Maples  to  some  extent  HUperfluous,  and  it  ia  therefore  si>aringly  developed.  In 
additiou  to  nood  fibres  the  Maple  cLielly  develops  veaaela,  n-liile  the  formation  of 
tracbcida  is  restricted  to  the  late  wood.  Tlie  mechanical  elements  of  the  wood  of 
the  Ivy  {JItdtra  Helix)  and  Grape-Vine  ( Cids  vini/cra)  are  septate  wood  fibres.  In 
Onks,  Beeches,  and  in  the  Rosifiorae  wood  fibren  are  absent,  and  tlie  necessary  rigidity 
Is  [irovidcd  for  by  fibre  tiaclieids.  The  wood  of  the  Lime  (Figs.  145- HS)  is  composed 
of  vessels  [Fig.  148,  111)1  traoheids  (Oi  wood  parenchyma  (;i),  and  wood  fibres  (I). 


Kt.) 


Tlip  vi-HSelsBud  trftcheids  form  radjiil  rows,  «ltern.itiii(t  with  rows  of  wood  fibres. 
lu  the  early  nood  wide  pitted  vesseln  arc  pr'xliiei'd,  the  formation  of  wbich  aftiT- 
»ar<l«  ceases,  and  iu  t\\.-  late  wood  only  trHchcida  iir.'  formed  {Vig.  146,  0.  The 
annual  rings  are  thus  sharply  defined  (Kig.  H6,  t\.  The  new  vessels  of  the  suueeeding 
spring  join  the  tnicbeidii  of  the  previousyear,  ati<l  in  this  wiiy  a  siiBiuicnt  connection 
for  the  water  transiiort  is  obtained.  All  traniiilional  forms  between  vessels  and 
traeheids  are  to  be  found  in  the  wood  of  the  Lime,  llesides  liordered  pits,  tiTliiiry 
sf.iral  thickenings  are  also  developed  in  the  triichca!  cdi-ments.  Tin-  wood  fibres 
[Figs.  14fl,  147,  148,  I)  are  relatively  thin-wallcd,  with  wide  cavities  iiml  narrow 
elongate-l  pits,  and  conWiu  air.  The  wood  jwrencliyina  (Figs.  14H,  14S,  )i)  Ibrm.i 
intrrrnptvd  tangential  hands. 
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Tlie  tracheal  water-courses  in  tho  wood  of  Dicotyledons  are  more 
or  less  completely  isolated  from  each  other.  Their  isolation  is  the  more 
complete  where,  as  in  the  Legniiiiiiomii',  Willow,  and  Ficus,  vessels  are 
the  only  water-carriers.  If  both  trachete  and  traclieids  are  present, 
an  in  the  Lime,  then  the  tracheids  unite  the  tracheae  together  and  the 
conduction  of  water  is  rendered  possible  in  all  directions.  In  any 
case,  a  union  exists  at  the  junction  of  the  annual  rings,  between  the 


(/  ai  i 


trji.heal  tl■^-lULS  of  tuccessivc  years.  Large  vessels  arc  characteristic  of 
climbing  woodj  plants  (IJanes,  Fig.  131),  but  they  are  accompanied 
bv  smalki  ones  with  which  they  are  in  communication.  When 
iMth  Kr^e  an  1  small  vessels  are  present  together,  the  sinnller  appear 
to  iLt  as  »  Iter  c  u  i  icrs,  while  the  larger  are  utilised  aa  water-reservoirs. 
\\henc\or  coinmuiii,itioii  takes  place  lietween  tracheal  elements,  and 
It  alwa\s  occurs  when  they  are  in  direct  contact,  it  is  effected  by 
means  of  bordei-ed  pits  or  actual  openings.     The  distribution  of  the 


MORPHOLOGY 


living  elements  in  the  wood  Btrands  always  bears  a  distinct  relation  to 
the  water-courses  which  they  accompany,  enclosing  them  in  a  more  or 
less  complete  sheath.  The  living  cells  adjoining  the  tracheal  elements 
are  in  communication  with  them  by  means  of  one-sided  bordered  pits. 
When  such  pita  occur  in  living  cells  the  pit  cavities  are  absent,  but 
present  in  the  case  of  tracheal  elements  ;  they  differ  from  the  true 
bordered  pits  in  the  absence  of  a  torus  on  the  pit-closing  membrane,  and 
in  being  unlignified.  No  communication  exists  between  the  tracheal 
elements  and  the  dead  wood  fibres ;  in  cases  where  they  adjoin  each 


,i^^' 


other  there  are  either  no  pits  developed  or  they  are  e.xtremely  small 
and  few  in  number. 

The  elements  of  the  liast  strands  of  (i}ninosin;rms  and  Dicoty- 
ledonous woody  plants  may  he  referred,  just  as  in  the  case  of  the 
wood  strands,  to  two  distinct  forms  of  tisHiie,  the  sikvk-tubk  and  the 
PARENCHYMATOUS  jKirtion.  The  former  is  composed  of  sieve-tubes,  or 
■ieve-tul>es  with  tiieir  companion  cells.  Its  function  is  the  conduction 
of  proteid  material ;  that  of  the  parenchymatous  tissue,  on  the  other 
band,  is  the  conduction  of  the  tarboliydrati'S  nnd  the  absorption  of  the 
by-products  of  metabolism.  The  phloem  tissues  remain  fTinctionul  only 
a  short  time,  they  afterwards  lose  their  contents  and  become,  for  the 
most  part,  crushed  and  disorganised. 


In  the  bast  strands  or  GymDosperms,  the  phloem  olements  produced 
by  the  cambium  {Fig.  140,  c)  consist  aoltly  of  sieve-tubes,  the  paren- 
uhymatouB  cella  of  the  baat  parenchynm  (p  and  /■),  and,  in  certain  cases, 
of  bast  fibres.  These  elements  of  the  hast  generally  form  alternating 
bands. 


In   the  Pino  mid  otliur  reUtwl  AUftinea 
terrupted  only  by  buids  of  boat  parenchymH 


the  Ijanda  vt  nieTi?-lul»a  sre 
:i)titainiiig  starcli  (Fig.  140, />],  i 


.  Hi  — THriEcDUiil  HKtlon  oT  thi  ■»< 


■Ibo  tttunin-likc  sulwtanci's  aod  crystals  (t)  deiiositBd  in  ringle,  v«rtical  rwn  of 
cpIIs.  Other  Conifpra,  the  Arautaritai,  Tnxincae,  and  some  of  the  (Juprrminnt, 
Kihibit  deliQJIe,  rnrticul  rows  of  b*at  psrenchynift  epils  which  are  charvcteriHul  hf 
their  abuudant  albuttiiuoau  contents.  Thvas  cells  stnnd  in  ulose  relatioti  to  Uw 
■ievB-tabea  &nd  t&ke  the  (iloix  Dfcom^nnion  celU,  which  are  not  round  in  Gymno- 
spenns.  In  the  baflt  of  tlie  Tarineiu^,  CiiprrK«nent,  and  other  newly  kUmI 
families  there  also  occur  tangential  bands  of  strongly  thickenod  liMt  fibrca, 
which  altemiLte  rcgiilnrly  with  taDgcnti^l  bands  of  sieve .  tnbva  and  bait 
parenchyma. 
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CtjiXmU  of  calcium  oxalate  maj  bo  depodited  in  the  thickening  layers  of  the 
l»t  fibre*,  ur  in  their  middlo  UnielU.  The  siaglc  eleiuentB  com{<oaiiig  the  sieve- 
hlboB  commuuicste  by  meana  oftenuiDal  sievo-plates.  Tbc  sipve-tllbea  of  CoDifem 
»  aUo  rievo-pita  on  their  radial  walls,  which  {Fig,  HI,  -rf)  corrospond  iu 
Bition  to  tlic  bordered  pits  of  tntcheids.  At  a  certain  distance  &oui  the  cambium 
I,  both  terminal  sad  lateral,  befl  owe  overlaid  bf  callus -plates.  During 
•  TagetBtiT«  period  foUoiring  their  [levelapment,  tho  sieve-tuhes  become  empty 
i  oonipTBsaed  together  (Fig.  140,  a).  The  rows  of  bast  parenchyma  cells  con- 
Mning  alhiiminous  Hubstancoa,  which  are  fonnd  in  same  Conifers,  undergo  dis- 
t  the  same  lime  as  the  adjacent  eievc-tiibes  ;  the  bast  parenchyma 
a  which  contain  staroh,  on  the  other  hand,  continue  Siving  for  years,  and  even 
K,  while  the  sieve-tabes  become  disorganised. 

The  elements  of  the  phloem  tissue  included  in  the  bast  strands  of 
ly  Dicotyledons  are  represented  by  SIeve-TUBES  and  COMPANION 
,L.S.  To  the  parenchymatous  tissues  of  the  bast  belong  BAST  PAREN- 
_«IHYMA.  BAST  FIBRES,  and  transitional  forms  between  them.  The  bast 
lifibres,  like  the  fibres  of  the  wood,  may  occur  in  an  iinthickened  form 
FIBROUS  CELL.S,  either  with  or  without  living  contents,  or  they  may 
be  filled  with  starch,  and  finally  may  become  septate. 

The  bast  parenchyma  conducts  and  stores  the  earbohydiates,  and 
also  takes  up  the  by-products  of  metabolism,  oven  to  a  greater  degree 
.Uun  the  parenchymatous  tissues  of  the  wood.  Just  as  in  the  case  of 
"*ie  Gymnosperms,  the  sieve-tubfis  of  Dicotyledons  remain  functional 
It  for  a  short  time,  afterwards  becoming  empty  and  compressed. 
le  companion  cells  experience  the  same  fate  as  their  aister-cetU,  the 
rieve-tubes,  while  the  starch  -  containing  bast  parenchyma  remains 
active  for  many  years.  The  different  appearance  presented  by  the 
but  of  various  woody  Dicotyledons  is  due  to  the  larger  or  smaller 
bimen  of  the  sieve-tubes,  to  the  presence  or  absence  of  bast  fibres,  and 
.■bo  to  the  manner  of  distribution  of  the  component  elements. 

II  axample  of  baat  with  an  especially  regular  arrangement  is  alTordeJ  by  ttie 

e  (Fig.   HO).      In  •  crwu-seetion,  even   under  a  low  magnifying  power,  an 

|altem«tion  of  shining  white  and  dark -coloured   tangential  bands  is  uutivmble. 

a  mora  highly  magnified,  it  can  be  readily  seen  that  the  white  lands  consist  of 

KMmnglythiehcnrd  but  fibres  (Pig.  149,  I),     At^oiiiing  tbem,  there  follow,  towards 

"k  periphery,  one  layer  of  bast  parenchyma  cells  (p),  then  a  zone  of  wide  siere- 

>  (r)  and  Mjiall  couipauion  cwlla  (e) ;   nest  to  tbesB  come  two  layers  of  bast 

onliynui   ip),   ahandantly   supplied   with   starch,   and   followed   by  a  single 

nlcmiptod  layirr  of  baat  parenchyroa  cells  coutaiuing  crystals  (k),  and  Rnally, 

other  bam!  of  Intst  filires  1,1}.    The  tarther  removed  tlie  sieve-tubes  and  companion 

s  fttna  the  carabiutu,  the  more  crushml  they  become,  until  ultimately  they 

as  a  oompresssd  mass  of  cell  walls  without  cell  cjivtties. 

The  medullary  rays  of  the  Gymuosiierms  (Fig.  137,  ?(«)  and  woody 

dicotyledons  (Fig,  145,  pm,  fm)  iorm  radial  bands,  composed  wholly 

r  in  part  of  parenchymatous  elements.     Their  function  is  to  sujiply 

camltium    and  wood  with    tlie    products    formed    in    the    leaves 
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and  conveyed  away  by  the  bast.  The  medullary  ray  a  in  this 
way  link  together  by  radial  bands  of  living  cells  the  pro  topi  asm-con- 
CAining  elements  of  the  hast  utid  wood,  thus  uniting  all  the  aeparate 
living  tissues  of  the  stem.  The  medullary  rays  are  in  turn  accom- 
panied or,  if  many -layered,  traversed  by  intercellular  air-cavities, 
which,  beginning  in  the  periphery  of  the  stem,  penetrate  the  cambium 
and  communicate  with  all  the  intorcellukr  spaces  throughout  the 
living  elements  of  the  wood  and  bast.  All  the  living  elements  are 
kept  in  communication  with  the  atmosphere  by  means  of  the  int«r- 


1.  140.— PUIllriHuf. 


cellular  spaces  of  the  medullary  rays,  and  the  necessary  interchange 
of  gases  is  thus  rendered  possible. 

The  substances  contained  in  the  parts  of  the  medidlary  rays 
witbtn  the  wood,  chieSy  consisting  of  starch,  tannins,  resin,  and  crystals, 
are  essentially  the  same  as  those  in  the  wood  parenchyma  In  the 
medullary  rays  of  certain  Gymnosperms,  particularly  in  the  Pine, 
single  rows  of  cells,  without  living  contents  and  situated  usually  at 
the  margin  of  tho  medullary  bands,  become  tracheida!  in  structure 
(Fig.  141,  till),  and  united  with  one  another  and  with  the  tracheida  by 
means  of  bordered  jiits.  Their  purpose  is  to  facilitate  the  transfer  of 
water  radially  between  the  tracheids.  In  other  Conifers,  where  such 
tracheidal  elements  are  not  found  in  the  medullary  rays,  borderetl 
pits  are  developed  in  the  tangential  walls  of  the  tracheids  of  the  late 
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wood,  and  by  means  of  them  is  effected  the  transfer  of  water  in  a  radial 
direction.  The  living  cells  of  the  medullary  rays  of  the  wood  bear  the 
same  relation  to  the  water-carriers  as  does  the  wood  parenchyma,  and 
like  them  are  connected  with  the  water-conducting  elements  by  means 
of  bordered  pits.  They  take  up  water  from  them  and  give  it  out 
again,  as  it  may  be  needed,  to  other  living  cells  ;  on  the  other  hand,  in 
the  spring,  at  the  beginning  of  the  season  of  growth,  they  press  into 
the  water-courses  the  products  of  assimilation,  in  particular  glucose  and 
small  quantities  of  albuminates,  in  order  that  these  substances  may  be 
transferred  in  the  quickest  way  to  the  points  of  consumption. 
Accordingly,  during  the  winter  and  in  the  beginning  of  spring,  sugar 
and  albumen  may  be  detected  in  the  tracheal  elements,  and  may  then 
be  obtained  from  the  watery  sap  of  "  bleeding  "  trees,  or  from  artificial 
borings  or  incisions,  particularly  in  such  trees  as  the  Maple,  Birch,  and 
Hornbeam.  In  the  wood  of  Dicotyledons  it  is  usually  only  special 
rows  of  the  medullary  ray  cells  which  stand  in  such  close  relation 
^ith  the  tracheal  tissues.  In  these  special  rows,  generally  on  the 
margins  of  the  medullary  rays,  the  cells  are  elongated  vertically,  and 
on  that  account  have  been  distinguished  as  vertical  medullary  ray 
CELLS.  The  other  cells,  or  those  of  the  middle  layers  of  the  medullary 
bands,  on  the  other  hand,  are  called  horizontal  medullary  ray 
CELLS ;  they  are  narrower  and  more  elongated  radially.  These  have, 
moreover,  no  especial  connection  with  the  tracheal  elements,  but  are 
designed  for  conducting  and  storing  assimilated  matter.  In  tlie  medul- 
lary rays  of  the  Lime  (Fig.  147),  although  this  specialisation  of  the  cells 
is  not  so  evident  as  in  many  other  cases,  the  marginal  cells  of  the  medul- 
lary rays  are,  nevertheless,  particularly  noticeable,  as  they  alone  have 
bordered  pits  on  the  sides  toward  the  vessels  (//),  and  are  also  wider 
than  the  other  cells  of  the  inner  rows. 

Within  the  bast  zone  the  medullary  rays  are  also  distinguished  as 
cortical  rays,  and  in  the  bast  of  Dicotyledons  they  have  a  simpler 
structure  than  in  the  wood.  It  is  evident,  not  only  from  the  con- 
nection existing  between  the  cells  of  the  medullary  rays  and  the  bast 
parenchyma,  but  also  from  the  relations  exhibited  in  Dicotyledons 
between  the  medullary  ray  cells  and  the  companion  cells  of  the 
sieve-tubes,  that  the  function  of  the  cortical  rays  is  to  take  up  the 
substances  passing  down  the  bast  strands.  For  not  only  is  the  bast 
parenchyma  in  communication  with  the  cells  of  the  medullary  rays  by 
means  of  bordered  pits,  but  the  companion  cells  are  so  disposed  on  the 
sides  of  the  sieve-tubes  as  more  surely  to  come  in  contact  with  the 
medullary  rays. 

In  the  Pine  and  other  j-ibictinrar,  whose  bast  parencliyma  is  devoid  of  cells 
functioning  as  conductors  of  alhuniinous  matter,  their  place  is  taken  in  this  respect 
by  rows  of  medullary  ray  cells  (Fig.  141,  r/n).  These  maintain  an  intimate 
conn<*ction  with  the  sieve-tuhes  by  means  of  sieve-pits.  They  lose  their  contents 
in  tlie  same  manner  as  the  sieve-tubes,  and,  like  them,  become  couipressed  an«l 


disorguniBed.  On  the  other  hand,  tbe  cells  of  the  caitical  ruj's,  wluch  conbtio 
xlikTcli,  like  the  aimiUr  cpUk  of  the  buit  pnrenohjina.  increase  in  size,  and  pushing 
botwveu  tlii^  compievsed  sieve-tubes,  continue  living  for  yeurs. 

The  division  of  hilmur  within  the  medollMy  rays  of  the  Gymnospenns  and 
Dicotyledons  is  so  H-ell  carried  out,  that  only  the  rows  of  elongated,  conducting 
cells  are  accompnuied  by  intercellular  air-spaces.  When  the  walls  of  sueU  ceUa  a» 
much  thickened,  they  are  pierced  with  pits  irhich  open  into  the  intercellular  ail^ 
passages,  and  so  Escilitate  the  interchange  of  gases. 

The  width  and  height  nl'  the  medullary  rays  way  ha  more  easily  determined 

from  taugentiul  tliau  from  mdial  seotioos. 

In  such  tangential  sections  the  medullar; 
rays  appear  spindle-shaped  (Figs.  1)1, 
148).  With  few  Bxoeptions,  u  in  the 
Oiik  and  Beech,  the  meduliary  rays  ar* 
rarely  of  more  than  limited  diuiensioniL 
Tlie  Onk,  in  addition  to  numerous  anull 
nieilnllary  rays,  has  other  Urgvr  rays 
which  niiiy  be  as  much  as  a  nilllinii-tra 
iiriHid  and  a  decimetre  high.  In  the 
ro[ilar,  Willow,  and  Box  the  niednllar; 
rays  are  so  extremely  nmitll  that  they  are 
ucorecly  visible,  even  tritli  the  aid  of  ft 
magnifying -glass.  The  height  of  tlw 
broad  priniiiry  riiys  of  many  Liitneg,  on  tlW 
other  hand,  may  bo  equal  to  that  of  a  whola 
internode.  In  certain  Conifers,  resin-ducta 
^^^  ^        «-  cwcur  not  only  in  Iha  wood,  but  also  in  the 

^^^^^^  /       ■■  I,  X'x.^'"     I'™*'**''    medullary  rays.      Tliase    radial 

^^^^^L  itiiP^^^!)^        ^5^rA  "^  resin-ducts 

^^^^^1  Mw«r'v^  C;"°ftn   '       ""^  ''''•'t''^l  "!"='«■     It  ■"  ^^0  to  tUis  faol 

^^^^^^^P  iTwii^^iifi  i~>   '^^'^  °V7    f'         '''"t  ^1*^''  '^  large  amount  of  resin  pxudss 
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wounds  i 

The  ROOTS  or  tiymnospei-ms  and 

Dicotyledons,  in  whicii   the   stenu 

increase  iu  tliicknesB,  also  show  t- 

similar     UROWTU     IN     rmCKNKSS., 

Whenever  secondary  growth  begins 

in    H    root    with    its    xylem   and 

phloem    Btrands    alternating    with. 

each  other  (Figs,  120,  12G),  areas  ot 

cambium  arise  on  the  inside  of  the   phloem   stntnds,  through  tha 

division   of  the  fundamental  tissue;   these  give  off  wood  elemeuU 

towards  the  centre  of  the  root,  and  hast  towards  the  periphery.     TbeMi 

cambium  areas  soon  meet  in  tlie  pericycle,  just  in  front  of  the  xyleni 

strands,  and  so  form  n  complete  zone  of  moristematic  tissue.      In  Fij^ 

150, .-/,  this  process  is  diagrammntically  represented.    As  a  result  of  thftj 

activity  of  its  celts  the  cambium  ring  soon  loses  its  einuous  form,  and 

becomes  a  simple  ring.     In  front  of  the  primary  vascular  strands  (fV 


jeas  of  a  dleotyleilonoi 


.  prinjary  vsKnlAr  strmnd ;  k 
ptiLuiy  phl«Di  itruid :  ji,  ]iBric]>sl« : 
undortonnii;  ff".  HCoJular)-  woiiil;  s"|H«Mjn( 
try  but;  t;  pcnderiti. 
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Btiie    cambium    produces    medullary  ray    lissue,    and    this    constitutes 

Itbe  broadest  medullary  rays  which  lead   to  the  strands  of  primary 

r.  xylem  (Fig.  150,  IS).     A  cross-section   of    such  a  root,  in  which   the 

'  weondury  growth    has   continued    for    some    years,    can    scarcely  be 

distioguished  from  a  cross-section  of  a  gtem.     By  carerul  examination, 

however,  the  presence  of  primary  tissue  in  the  centre  of  the  root  can 

be  discovered,  and  its  nature  thus  determined.     The  wood  of  the  root 

ii  also  more  porotrs  than  in  tlie  stem,  and  bears  a  close  resemblance  to 

Mrly  wood.      On  account  of  this  hick  of  dill'erentiation  in  the  wood,  the 

I  innual  rings  of  growth  are  less  distinctly  defined  in  roots  than  in  stems. 

Aniwimloiu  fomu  at  Omwth  in  Thiekneu. — Kitrnordiimry  devUtions  From  the 

Diul  lyjM!  of  ficcondury  growth  ure  nlTordfd  by  uonip  stems  and  roots  of  Gyjuno- 

I  Ipmns   and    Dicotyleiloiii.      Aiiimig  tlii^   GymnosjiEmis   io   tliP   Cijcadatcnt  and 


,a,8.8uc™.i«ljffo 


■    (1 11 


i».) 


■pmca  of  Onrfuni,  iu  the  Chtrwpaiiaaae,  ABiarantaeeat,  Kyctaifinactue, 

irtarrat,  and  otLer  fiuiiiliBa  uf  DicatylBdonu,  the  cwnbiuin  whiDh  lias  been 

vi«I  in  tbp  ordimiry  nuinner  soon  loses  its  function,  &nd  ■  uew  cojnbium  ring  is 

(■h)|>Kl  extenial  to  the  bwt  none,  for  the  most  [HU't  in  the  perieyoU,  or  in  & 

lO  derived  fhim  it.     This  cambium  riug  furtni  wood  ou  the  Inside  and  bast  un 

ide,  with  the  acconi{ianying  medullary  raya.     It  thunceasea  to  divide,  and 

w  ring  takes  its  place     This  process  repeats  itself,  and  ultimately  leads  te  thu 

atlon  of  Doticnntric  wood  and  boat  rings,  which,  io  cross- sections  of  the  sugar- 

\,  may  bo  distinguished  with  the  naked  eye.     These  couceutric  xones  nuy  be 

s  plainly  aeen  Id  a  cross-section  of  Maeuna  alUntitna  (Fig.  ISl),  a  IJane 

•aging  tu  the  urdvr  fttpiliaruiaae.     The  stem  shows  in  this  case  an  inner  axis 

A  (1)  surrounded  by  a  rone  of  bast  (1*) ;  next  follows  a  cyliudcr  of  wood  (S) 

*  (2*],  and  Qually  a  third  (3,  3*)  in  process  of  formation  in  the  midst  of 

.    Au  extraordinary  appcarauce  is  exhibited  by  cross-aections  of  ntema, 

1  diow  several   aepnrste   wood  cylinders   (Pig.   153).     Such  a  strnuture  is 

r  to  various  tropical  Liaiies  of  the  genera  Serjaniit  and  FaulliHtn  l)elur)ging 

"j  Sapindateaf.     Thin   uiiuninWis  eondilion   armen    tVom    tlir    iiniixusl 
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position  of  t]ic  juimaiy  vascular  bundles,  ivhicli  are  not  arranged  in  a  circle  but 
form  a  dee]ily  lobed  ring  ;  so  that,  by  the  development  of  interfascicular  cambium, 
the  cambium  of  each  lobe  is  united  into  a  separate  cambium  ring.  Each  of  thew 
rings,  Independently  of  the  otlivni,  then  gives  rise  to  vood  and  bant  (Fig,  152]. 
An  even  more  peculiar  ntrueture  in  exhibited  by  many  Liancs  of  the  Bignoaiacfat. 
the  wood  of  which  is  cleft  by  radially  projecting  masses  of  bast  (Fig.  153).  The 
primary  stem  of  the  Bigyioaiaeeae  sho\rs  the  ordinary  circular  arrangement  of  the 
vascular  bundles.  Wood  and  bastarc  at  first  produced  from  the  cambium  ring  in  the 
usual  manner,  and  form  an  inner,  normal  wood  cylinder  of  ,^SIAL  wool).  Such 
normally  formed  axial  wood  cylinders  are  common  to  many,  otherwise  abnormally 
developed  Lianee.  The  cambium  ring  of  the  Bhjivmiaecae,  after  performing  for  a 
time  its  nonn&l  functions,  begins,  at  certain  points,  to  give  olf  internally  only  ■ 
very  small  quantity  of  wood,  and  externally  a  correspondingly  large  amount  of 


bast.  As  a  result  of  this,  deep  wedges  of  irregularly  widening  bast  project  into  the 
outer  so-called  i-emaxial  Wikid  (Fig.  153).  The  originally  complete  cambium 
l>ecomes  thereby  broken  into  longitudinal  bands,  which  are  broader  in  front  of  the 
Iirojpcting  wood  than  at  the  apices  of  the  bast  wedges.  As  the  periaxial  wood 
is  always  di'velojied  from  the  inside,  and  the  wedges  of  bast  from  the  outside  of 
ive  cambium  lands,  thuy  extend  past  each  other  without  forming  any 
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Secondary  Growth  of  Monocotyledons. — As  we  h&vc  already 
Been,  Palms  grow  in  tliickness  only  as  the  result  of  the  increase 
in  size  of  tlie  individual  tissue  elements.  Tliere  are,  however,  certain 
monocotyledon  oils  plant  families  and  genci'n,  especially  Dracaena,  J'uffl, 
.-lloe,  and  the  lHost'imu'eu'i,  in  the  stems  and  roots  of  wliich  a  cambium 
ling  ia  develojwd.  As  in  such  cases,  the  cambium  ring  generally  arises 
in  the  jiericycle,  ontsidc  the  scattered  vascular  bundles  and  from  the 
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fundamental  tissue,  it  is  a  secondary  meristem  ;  it  does  not,  as  in 
Dicotyledons  and  Gymnosperma,  produce  continuously  wood  and  bast 
in  opiwsite  directions,  but,  instead,  closed  vascular  bundle  strands  and 
fundiiinental  tissue  (Fig.  154). 

The  oellu  srieiag  from  the  dli  ism 
entirely  towards  the  centre  of  tlie  Bt 
by  means  of  rariously  diajHisad 
lDngitu<liiial  walld,  and  produce 
new  TuacuUr  bundles  {f)  or  bv 
romiiDg  tangential  and  transverai 
w»11b  only,  they  give  nae  to  the 
ndially  arranged  cells  ofthe  futiia 
mental  tiBBue,  wliich  fills  tlie  sjiace 
between  tbe  vascular  bundles 
These  aecondarily  developed  biin 
dies,  like  tbe  primary  bundles  are 
cloaed,  that  is,  tliey  do  not  jiossess 
icatnbiiini,  but  have  nevertheless 
a  somewhat  different  ntructure 
Their  nylem  portions  consist  solely 
oftracheids  provided  with  bordered 
pits,  and  completely  enclose  the 
Ihin-walled  and  sparingU  deie 
loped  phloem.  Towanis  the  jwri 
[ihery  of  the  stem  tlie  csmblUDi 
ring  jiroducea  only  ft  small  amount 
of  parenchymatous  tissue,  tlie  cells 
of  which  sometimes  contain  bun 
dies  of  raphides  (r).  A  stem  of 
a  l>raeiuna  having  this  form  rf 
wcondary  growth  may  attain  a 
eoDsiderable  thickness. 

Pertdenn.  —  It  is  very 
teldom  that  the  epidennis, 
by  tbe  division  of  its  own 
cells,  is  in  a  condition  to  keep 
pace  fur  any  length  of  time 
with  tbe  increasing  dimen 
sions    of    the    stem.       This,    ^',;,','* ,  ^?"/„',7'"  r"irii''l"\""^  .'i.""!    'n 

however,  is  the  case  with  tbe  /  h™i  Ur>  lawiilar  l>iiiiller>  ""/  ImV'traw 
Mistletoe  (Vi^Ulli   aH-lim),  the         li""ili  iHUiin  Ih"  primary  cort^i     M    iiwirhy 

number  of   whose  epidermal       I"^^ ,^"'^'"™n,',. ''hI'' '  '  'it'^'^^"'  / 

1'  Iraclieil-    •■  lanibliiui  riDR     <t  ccirtM    the  outer 

cells  IS  COntlDlialiy  augmented         pgm  p  beJmc  ■  rinmry  tbr  Imier  n-o  iHlarr  mrleii 

by  the  formation  of  newlateral  '*  ™^  "niWrni.  f  r.  rk  i  hhIIc^  or  rn|At.|e- 
walls,  while  the  outer  walls 

are  at  the  same  time  stren<;thcned  by  iM\tard  thickenings  to  siippl} 
the   place   of   the  older,   ruptured    thickening   li\ers       The   stems 


also  of  one  of  tlie  Maplea  (jlerr  MHatmi),  even  when  a  foot 
or  more  thick  and  over  forty  yeara  old,  remnin  covered  with  a 
living,  growing,  epidermal  layer.  Ab  a  rule,  however,  the  epider' 
mis  on  sterns  which  grow  in  thickness  becomes  stretched  and  filially 
ruptured.  The  tisaue  of  the  primary  cortex,  by  the  expansion  and 
division  of  its  cells,  can  accommodate  itself  more  easily  th«n  the 
epidermis  to  the  increased  dimensions  of  the  stem,  arising  from  the 
growth  in  thickness  of  the  central  cylinder.  This  process  of  cortical 
growth  is  particularly  noticeable  in  the  primary  medullary  mys 
(Fig.  H5,  pm')  between  the  primary  phloem.  The  formation  of  tha 
PERIDERM  generally  begins  during  tJie  first  vegetative  period,  after  the 
secondary  growth  has  reached  a  certain  stage.  The  commencement  of 
its  formation  ia  indicated  by  the  brown  colour  of  the  external  surface 
of  the  st«m,  which,  however,  remains  green  so  long  as  tbe  epidermis 
continues  alive.  The  periderm  is  derived  from  a  secondary  moristem, 
termed  the  CoilK  cambium  or  PUELLogkn.  This  phellogen  may  arise,  in 
the  epidermis,  in  a  deeper  layer  of  cells  of  the  primary  cortex,  or  even 
in  the  pericycle  itself.  The  cells  of  the  phellogen  divide  by  tangential 
walls,  and  also,  at  times,  by  radial  walls,  in  oi'der  Ut  accommodate 
themselves  to  the  increasing  thickness  of  the  stems.  Of  the  new  cells 
thus  formed,  those  given  off  towaixls  the  periphery  of  the  stem  are  the 
CORK  cb:li^  (Fig.  154,  I).  They  usually  have  a  tabular  shape,  lit 
closely  together  without  intercellular  spaces,  and  possess  subcrised, 
secondary,  thickening  layers.  The  cork  cells  arc,  for  the  most  part, 
filled  with  air,  containing  also  a  yellow  or  brown  substance,  and  usually 
possess  brown  walls.  The  cell  walls  may  be  thin  or  thick,  frequently 
thickened  on  one  side,  and  occasionally  to  sncli  an  extent  that  they 
are  known  as  stone  cork.  The  cork  tissue  freqiii;ntly  shows  an 
alternation  of  thick-walled  and  narrow  with  thin-walled  and  larger 
cells.  These  layers  mark  annual  growths.  The  cork  cells,  being 
impermeable  to  water,  prevent  the  loss  of  moisture  by  transpiration, 
while  at  the  same  time  they  shield  and  protect  the  inner  tissues.  An 
example,  showing  how  efloctively  cork  cells  retard  transpiration,  is 
afforded  by  a  potato,  which,  when  peeled  and  so  deprived  of  iw 
protecting  cork  covering,  loses  in  twenty-four  hours,  according  to  Edeh, 
about  sixty-four  times  as  much  water  as  it  would  otherwise  hav« 
done. 

The  cork  of  the  Corls-oiik  (Qverem  Sabfr)  is  formed  of  liroaci  layers  nf  soft 
IkTge  Delia,  liltoriiitting  witb  uarrow  and  ttiiimer  I&jers  of  cells,  vrliich  mark  tli* 
limit  or  tliB  annual  grnwtli.  This  maj  be  seen  in  bottls-ciirka.  The  iitst, 
spontaiiHiusl;  dcvGlujicd  cork  nf  tlie  Cork-oak  ia  stripped  off,  wlicrcupon  a  new 
phellogvu  is  foiin«d  in  tliu  deeper-lying  tisaue.  Tli<<  cork  thus  [irodoeed  I* 
rsmoved  every  bU  or  eight  yesra,  and  fiirnishea  the  cork  of  acouomic  valno. 

lu  nuny  cues  the  phellogen  takes  its  origin  in  tlie  epidemijs  (Fig.  1E>S)> 
Thia  ia  the  case  in  the  Willow,  in  all  Pomaaiu,  and  in  a  great  nuntbrr  of  otter 
woody  plantB.     The  epidermal  colU  become  divided  into  outer  and  tuner  cells,  th« 
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latter  of  whioti  wiumii  the  funotiou  oCu  piiellogun.  More  IVequontly  tlie  phollo- 
gta  develups  frmii  tlie  layer  «f  ueUa  next  odjaiDiii);  the  ejiidermis,  as,  for  Fxauipk', 
ill  the  Elder  {Hatnbuaa  nijrrn],  wber«  it  takes  ita  origio  Trom  thu  niitemioiil  layer 
of  coUonchynia  (Vig.  156,  ph). 

At  the  same  time  that  the  cork  is  forming  from  the  outer  side  of  the 
pbdllogeii,  a  so-caU«l  cokk  curtex  or  phklloderm  is  also  frequently 
deveIo;>c(l  from  its  inner  side.  The  cells  of  the 
ptiollodcrm  retain  their  living  pro  topi  nsm,  and 
nsiuilly  contain  cliloroplaats.  They  nltimately  t>e- 
come  rounded  off,  so  that  intercelhihir  siaces  are 
formeil  between  them.  The  term  periderm  in- 
ctud(«  Iwth  cork  and  phellodei-m.  All  secondary 
tissues  given  olT  by  the  camliium  ring  townixls  tlio 
[Rfriphery,  together  with  all  the  secondary  tissues 
foroied  by  the  phellogen  from  both  its  inner  and 
outer  sides,  are  designated  collectively  secondary 
CORTKX. 

AH  tissues  external  to  the  phellogen  are  cut 
off  from  food  snpplies,  and  consequently  die. 
When  the  first  cork  layer  has  its  origin  deep  ] 
within  the  stem,  a  bark  is  formed  through  the 
MBuing  death  of  the  excluded  peripheral  tissues. 
<rk  layer  formed  by  the  phellogen  be 
Han,  the  stem  has  a  smooth  surface,  as  in  the 
jBeecb ;  if  it  produces  thicker  cork  layers,  the 
of  the  stem  appears  rough  and  fnll  of 
SnurcK,  fts  is  the  case  in  the  Cork-oak.  The  primary  phellogen 
cenRrally  Cfasee  its  activity  after  a  short  time,  and  another  deeper- 

fing  phellogen  is  formed.  After  a  time  this  new  phellogen  dis- 
continues ita  functions,  and  another  (Fig.  15T)  is  developed,  as 
.in  the  case  of  Quercm  sensilijlora,  until  ultimately  the  phellogen 
><Dmo(i  to  ))e  formed  in  secondary  bast  parenchyma  instead  of  in  the 
^niary  tissue.     That  portion  of  the  bast  cut  off  by  the  periderm  loses 

(a  nutritive  contents  and  only  retains  waste  products.  If  the  layers 
«(  the  secondary  |>eriderm  constitute  only  arcs  of  the  stem  cJrcum- 
fcroner,  the  bark  will  he  thrown  off  in  scales,  as  in  the  Scaly  KARK  of 
Om  Pine  and  Plane  tree  ;  if,  on  the  contrary,  the  periderm  layers  form 
impletv  concentric  rings,  tlien  hollow  cylinder-s  of  the  eortii'ttl  tissues 
an  transformed  into  the  so-called  riniieu  hark,  such  as  is  found  in 
Ihe  t!rmpo-vinc.  f'lemstis,  and  Honeysuckle.  liark  which  is  not  easily 
detached  becomes  cracked  by  the  continued  gron-th  in  thickness  of 
■iho  stem,  and  bus  then  the  furrowed  appearance  so  characteristic  of  the 
nwjority  iif  old  tree-trunks.  The  usual  brown  or  red  colour  of  liark, 
Jitft  as  in  siuiiUrly  coloured  heart-wood,  is  occasioned  by  the  presence 
at  UiHniiti,  to  the  preservative  qualities  of  which  is  due  the  great 
of  bark  to  the  action  of  destmctire  agencies.     The  peculiar 
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white  colour  of  Bircli-bark  is  caused  by  the  presence  of  betulin  {birch- 
reain)  in  the  cells, 

III  roots  which  grow  in  thickness  the  phellogen  usually  develops 
in  the  ))ericycle  {Fig.  150,  B,  k),  and  in  consequence  of  this  the  pntnar}' 
cortex  of  the  roots  dies  and  peels  off.  The  succeeding  phellogen 
layers  are  formed  in  exactly  the  same  way  in  the  root  as  in  the  stem. 

In  most  wood}-  plants,  particularly  in  Dicotyledons,  cortical  pores, 
or  LENTICHLS  (Fig.  1 56),  make  their  appearance  simultaneously  with  the 
formation  of  periderm.  The  lenticels  take  their  origin  in  a  phelic^en 
layer  (pi)  which,  in  the  case  of  peripheral  cork  formation,  almost 
always  develops  directly  under  the  stomata.  The  phellogen,  from 
which  the  lenticels  arise,  unlike  the  cork  phellogen,  does  not  form 
cork  ceils,  but  a  lenticcl  tissue  composed  of  COMPLEUKNTary  cells  {/) 


traversed  by  intercellular  spaces.  On  the  inside,  however,  a  phello- 
deiTu  is  regularly  derived  from  the  phellogen.  The  complementary 
cells  press  the  epidermis  outwards  and  Anally  rupture  it.  Where  the 
complementary  cells  are  only  loosely  united,  the  intermediate  bands 
or  closing  layers  are  developed  from  the  phellogen  alternately  with 
denser  layers  of  cells,  which,  as  in  the  case  of  the  epidermis,  become 
eventually  ruptured.  The  cork-forming  phellogen  joins  the  phellogen 
of  the  lenticels  at  its  margins.  In  cases  where  the  cork  is  more 
decjily  seated  in  the  inner  tissue,  the  lenticels  begin  their  develop- 
ment at  a  corres[jonding  depth.  The  lenticels  are  so  constructed, 
in  J'niitii:!  iiriitiii  and  JSrtiiln,  that  they  can  accommodate  them- 
selves to  growth-in-thicknes«  ;  in  Qiiei-ms  .Salter,  Fraxiniis  Ornu.v,  they 
arc  not  in  a  condition  to  do  so;  while  in  I'/iamttitu  Frawpihi  and  Pinif 
ilalas  each  lenticel  gives  rise  to  a  group  of  lenticels.     The  develop- 
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°*^iit  of  a  aeconilary  penderm  is  accompanied  bj  the  formation  of  new 
'^'ttkels  By  means  of  the  lenticela  the  intercellular  spacca  of  the 
"*li«  tissues  are  kept  in  com 

''iHnication  with  the  outei  atmo        ^^^^S^i)  ^  ^-'J^  ""^ 
*t»Iiere        The    air    enters    the     '  ^S^3-f     "'  ii-^■J 

*<\  tercel  I  ular  s[Hice3  of  the 
••itdiilitry  lays  through  the 
■«iiticels  anl  is  thence  dis 
tributeii  throughout  the  liMrig 
tissues  of  the  whole  plant  In 
stems  in  which  the  periderm 
18  free  from  lenticela  pi 
for  securing  tl 
passage  of  gases  through  open 
in{,B  left  b)  the  overlapping 
marjnna  of  the  periderm  Ijj  ers 
The  Falling:  of  Leaves  — 
Preparatory  to  the  falling  of 
!«»%  es  an  absciss  laj  cr  ii  foi  med 
bj  means,  jf  which  the  aepan 
tioii  of  the  loai  es  from  the 
stem  IS  effected  This  lajet 
arises  through  the  division  of 
all  the  \i\  mg  cells  m  tlie  plane 
of  separation  including  even 
those  of  the  va■^cula^  bundles 

At  I  later  staj,e  a  lajer  of  cells 
in   the   imddle   of   the   absciss 

layer    fKcomes    absirl  ed     and 

the  separation  of  the  tissues  of 

leaf  and  stem  IB  completed  b) 

the     rupture     of     the    tracheal    ' 

elements  and  sieve  tubes      The 

absciss  layet   is  usuaUy   formed 

just  before   the   leaves  fall    al 

the  ugh  frequentl}  much  earlier 

The    wound   left    on    the  stem 

either  simply  dnes  up  as  is  the 

case  in  the  Ferns  or  it  is  closed 

by    a  layer  of  cork    which   is      ,"^'",' 'Jiii'rr'Tx"^  V"" '^"  ' '" 

forme<l  just  below  the  surface 

and  joins  the  perideim  of  the  stem       ihis  cork  liyer  ina^  be  foimt.d 

before  the  fall  of  the  leaves  "but  in  thit  case  it  does  not  (\tend  through 

the  living   elements   of   the  vascular  bundle    and   does    not   betome 

eomilete  until  after  the  leaves  ha\e  fallen       The  t,nds  of  the  tracheal 

elements  at  the  leaf  scars  become  filled  with  i  piotcctmg  t,"™.  '^"'1  '" 
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addition,  thoy,  ae  welt  as  tho  ends  of  the  sieve-tubee,  bocome  com- 
pressed and  finally  cut  off  by  the  developing  cork. 

Wounds. — In  the  simplest  cases  the  exposed  tissues  of  wounded 
surfaces  become  dry  through  loss  of  moisture,  and  dying  in  consequence, 
form  over  the  deeper-lying  tissues  a  protective  covering  of  dry,  brown 
cells.  This  method  of  protecting  wounded  surfaces,  although  very 
general  in  Cryptogams,  rarely  obtains  in  Phanerogams,  but  insteid 
the  wounds  become  closed  by  the  formation  of  cork,  Cork  foniied 
over  wounded  surfaces  is  called  WOUND  cork.  It  is  derived  from 
a  cork  cambium  that  develops  in  the  tissue  under  the  wounds,  and 
witb  its  development  the  proi:ess  of  healing,  in  succulent  and  paren- 
chymatous portions  of  plants,  is  completed.  In  woody  plants  a  so-called 
OALLua  is  formed  by  the  active  growth  of  the  living  cells  bordering  on 
the  wound.  These  abnormal  swollen  growths  close  together  over  the 
wound,  and  by  the  auberiaation  of  their  eel!  walls  provide  a  sufficient 
protection.  Genfirally,  however,  a  cork-forming  phellogen  arises  in  the 
periphery  of  the  callus.  In  stems  of  Gymnospernis  aud  Dicotyleilons, 
wounds  which  extend  into  the  wood  become  surrounded  and  finally 
overcapped  by  an  outgrowth  of  tissue  arising  from  the  exposed 
cambium.  While  the  callus  tissue  ia  still  in  process  of  gradually 
ovei^rowing  the  wounded  surface,  an  outer  protective  covering  of  cork 
is  developed ;  at  the  same  time  a  new  cambium  is  formed  within  the 
callus,  through  the  differentiation  of  an  inner  layer  of  cells,  continuous 
with  the  rambium  of  the  stem.  When  the  margins  of  the  over- 
growing callus  tissue  ultimately  meet  and  close  together  over  the 
wound,  the  edges  of  its  cambium  unite  and  form  a  complete  cambial 
layer,  continuing  the  cambium  of  the  stem  over  the  surface  of  the 
wound.  The  wood  formed  by  this  new  cambium  never  coalesces 
with  the  old  wood.  Accoi-dingly,  marks  cut  deep  enough  to  pene- 
ti'iite  the  wood  are  merely  covered  over  by  the  new  wood,  and  may 
afterwards  be  found  within  the  stem.  lu  like  manner,  the  ends  of 
severed  branches  may  in  time  become  so  completely  overgrown  as  to 
be  concealed  from  view.  As  the  wood  produced  over  wounds  differs 
in  atnicture  from  normal  wood,  it  has  boon  distinguished  as  rALLUa 
WOOD.  It  consists  at  first  of  almost  laodiametrical  cells,  which  are, 
however,  eventually  followed  by  moro  elongated  cell  forms. 

The  Formation  of  Burrs. — The  curled  or  extraonlinarily  knotted 
appearance  of  wood,  sucii  aa  the  bird's-eye  or  curled  maple,  which  addl 
so  mucli  to  its  technical  value,  is  due  to  the  unusually  sinuous  courM 
taken  by  the  elements  of  the  wood.  This  variation  from  their  usual 
direction  is  caused  by  the  development  of  numerous  Rdventitions 
buds,  which  turn  the  vascular  bundles  out  of  their  accustomed  course ; 
the  direction  of  the  wood  elements  is  moreover  often  affected  by  ths 
medullary  ray.'i,  which  sometimes  become  so  abnormally  swollen  Uial 
they  appear  almost  circular  in  tangential  sections. 


The  Phytogeny  of  the  Internal  Structure 

The  pliylogenelic  differentiation  in  the  internal  structure  of  a  plant 
a  not  altogether  coincide  with  the  progress  of  its  external  segraenta- 
Iven  unicellular  plants  in  the  group  of  Siphoneous  Algae 
lay  exiiibit  a  high  degree  of  ext«rnal  differentiation  ;  thu3  the  uni- 
■llular  Alga,  C'tukrjia  (Fig,  250),  has  developed  appendages  having 
intwardly  the  form  of  leaf,  stem,  and  root.  Similarly,  the  red  eea- 
1,  Hydnilapatlmm  (Fig.  9),  although  composed  almost  wholly  of  one 
a  of  cells,  bears  in  its  external  segmentation  a  striking  resemblance 
to  one  of  the  most  highly  organised  plants.  The  internal  differentia- 
tion of  this  Alga  has  only  advanced  so  far,  that  the  outer  cells  contain- 
ing the  red  chloroplasta  form  an  assimilating  tissue  of  isodiametrical 
,  fells,  while  the  internal  colourless  and  more  elongated  cells  function  as 
■  conducting  tissue.  The  relatively  highest  degree  of  internal  develop- 
int  found  in  the  ^lij'ir  is  attained  by  the  Lamittitrwe.  \n  their 
Q-like  axis,  which  may  have  a  considerable  thickness,  the  external 
mes  frequently  contain  canals  filled  with  mucilaginous  matter; 
diile  internally  are  found  rows  of  cells  resembling  sieve-tubes.  The 
_nB  themselves  grow  in  thickness  through  the  continuous  division  of 
"fte  cells  of  an  outer  cell  layer.  A  kind  of  cortical  tissue  is  formed  as 
a  result  of  this  growth  which  exhibits  concentric  layers,  and  of  which 
the  innermost  cells  gradually  elongate  and  pass  over  into  the  so- 
called  medulla.  In  the  Fungi  internal  differentiation  is  the  result  of  the 
more  or  less  intimate  union  of  the  intertwining  hyphie.  In  extreme 
casee  the  hyphie  forming  the  body  of  the  Fungus  may  be  so  closely 
woven  together  as  to  give,  in  a  cross-section,  the  impression  of  a 
pai-encbyraatoua  tissue  (Figs.  95-98),  in  which,  by  the  subsequent 
thickening  of  the  cell  walls,  the  pits  in  adjoining  hyphse  are  brought 
iato  contact.  In  the  fructifications  of  many  of  the  Hymeiwmyeetts  and 
Oa$leromiKetfs,  some  of  the  longer  and  more  swollen  hyphie  contain  a 
"mdy,  highly  refractive,  and,  in  some  instances,  coloured  substance,  and 
»r,  accordingly,  to  serve  as  a  special  tissue  for  the  purpose  of 
iductiou.  A  marked  advance  in  the  differentiation  into  different 
tissue  systems  is  first  apparent  in  the  Bryo]>hytes,  and  even  in  them 
the  fiimiation  of  an  epidermis  distinct  from  the  fundamental  tiasue  is 
exceptional.  In  the  thallus  of  the  Mnrrhnntuae.  of  the  UtpaUeae,  and 
at  the  base  of  the  spore  capsules  of  the  Hri/ineae,  among  the  Mosses, 
the  external  layer  of  cells  becomes  more  or  less  sharply  defined  from 
the  underlying  tissues.  In  the  Mnrdutniieae  (Fig.  158)  this  outer  layer 
ia  pierced  by  openings  which  have  been  termed  breathing-pores,  but  these 
have  a  different  origin  from  the  stomata  of  higher  plants.  They  are 
rather,  as  Leitgeb  has  shown,  openings  into  cavities,  which  have  arisen 
through  the  overarching  of  certain  portions  of  the  surface  by  other 
B  rapidly  growing  portions.      In  the  Hryineae,  on  the  other  hand, 
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Btomata  Bimilar  in  structure  to  those  of  the  Pteridophytee  and  Phanero- 
gams are  found  in  the  outer  cell  layer  at  the  base  of  the  spore  capsules. 
It  would  seem,  however,  that  these  stomata  of  the  Bryineae  are  prob- 
ably not  homologous  with  those  of  higher  plants  ;  as  there  is  no  direct 
phylogenetic  connection  between  them,  and  it  is  more  reasonable  to 
regard  them  as  merely  analogous  formations,  such  as  so  oft«n  occur 
in  the  evolution  of  organs.  The  Marchaniietu  also  possess  mucilage 
passages,  which  arise  through  the  mucilaginous  degeneration  of  single 
cells  or  cell  rows.  Certain  of  the  Marcbantieae  have  also  strands  of 
greatly  elongated,  dark-walled  cells.  In  all  Hepaticae  there  may  be 
found  in  special  cells  characteristic  oil  bodies  of  an  irregular,  clustered 
shape.  It  is  also  worthy  of  note  that,  altliough  the  differentiation 
of  the  internal  tissues  has  progressed  further  in  the  Marcitantiear  than 
in  any  other  of  the  Htpaikae,  in  their  external  segmentation  they 


are  surpassed  by  many  others  of  the  same  group :  so  that  here  also 
internal  and  external  differentiation  do  not  keep  pace  with  one  another. 
Among  the  Musci  the  Bog-Mosses  {^phagnaceae)  are  characterised  by 
an  external  sheathing  of  porous  cells  about  the  stem  (Fig.  330).  The 
sheathing  cells  recall  those  on  many  aerial  roots  {p.  lOOX  and  in  the 
Bog-^Iosses  they  also  consist  of  dead  cells  with  porous  and  spirally 
thickened  walls.  By  means  of  tliis  sheath  water  is  drawn  up  from 
the  ground  by  capillarity  and  conveyed  to  the  leaves,  throughout  which 
similar  porous  and  dead  cells  are  regularly  distributed.  In  the 
stems  of  many  of  the  Bri/itteae  there  is  also  developed  a  simple  form 
of  conducting  tissue  (Fig.  159) ;  and  the  many-layered  midrib  of 
the  single -layered  leaf  lamina  is  also  traversed  by  a  conducting 
strand.  In  spite  of  their  more  advanced  differentiation,  the  Bryo- 
phytes  may  still  be  included,  just  as  they  were  originally  in  1813  by 
I>E  Candoll£,  in  his  classification  of  the  vegetable  kingdom  according 


lECT.  I  MORPHOLOGY  147 

to  the  natural  syBtem,  with  the  other  lower  Cryptogams  in  the  clasg 
of  CELLULAR  PLANTS,  as  distinguished  from  the  vascular  i'lasts  or 
Pteridophytes  and  Fhanerogams.  A  separation  of  the  tissues  into  the 
three  syatems  of  t«g;umentary,  fundamental,  and  vascular  tissue  occqtb 


for  the  first  time  in  the  vascular  plants ;  while  the  systems  themselves 
also  exhibit  a  widely  extended  ditferentiation. 


The  Ontogeny  of  the  Internal  Structure 

However  a  plant  may  arise,  whether  from  an  asexually  produced 
(pore  or  from  a  fertilised  egg,  its  first  inception  is  always  as  a  single  cell. 
lu  unicellular,  spherical,  or  rod-shaped  organisms,  such  as  GUieocapsit 
loli/dfruMtu'i  (Fig.  l)or  Bacteria  (Fig.  4),  the  whole  course  of  develop- 
ment is  concluded  with  the  cell  division  which  gives  birth  to  two 
new  independent  organisms.  If  the  cell  divisions  be  continuous 
and  parallel,  and  the  newly -developed  cells  remain  in  contact, 
i;eu.  FILAMENTS  (Fig.  4,  II*)  will  be  formed  ;  if  the  division  walls 
have  different  inclinations,  and  are  at  the  same  time  all  in  the 
wme  plane,  t;ELL  .surfacks  are  produced ;  and  if  the  walls  are 
formed  in  three  dimensions  of  space,  cKLL  MASSK-s  are  the  result. 
•Such  an  organism  will  attain  but  a  low  degree  of  development 
if  all  its  cells  have  a  like  valne,  and  continuously  reproduce 
themaelves  in  the  same  manner.  With  the  distinction  into  bask 
and    APKX  a   [)lant  manifests   a   higher  degree  of  difierentiation.      A 
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VEGETATIVE  OF  GROWING  POINT  is  then  developed,  usually  at  the 
apex,  and  in  the  simpler  cases  this  consists  of  but  a  single  cell  (Fig.  5). 
The  apex  assumes  more  and  more  the  character  of  an  APICAL  CELL  from 
which  all  the  organs  of  the  plant  take  their  origin ;  thus,  in  the  case  of 
Cladostephus  vertkUlatus  (Fig.  7),  the  many-celled  main  axis  terminates 
in  a  single  conical  cell  which,  by  transverse  and  longitudinal  divisions, 
gives  rise  to  the  cellular  system  of  the  whole  plant.  Its  side  branches 
are  likewise  formed  from  similar  apical  cells,  which  develop,  in  regular 
acropetal  order,  from  certain  of  the  lateral  cells  of  the  parent  stem, 
and  determine  the  character  of  the  branching,  to  which  reference  is 
made  in  the  specific  name  of  this  sea-weed.  Flat,  ribbon-like  plants 
also,  such  as  Dictyota  dkhotmm  (Fig.  8),  may  have  conical  but 
correspondingly  compressed  apical  cells  (Fig.  160,  A\  from  which 
segments  are  cut  off  by  concave  cross  walls,  and  become  further 
divided  by  subsequent  longitudinal  walls.     The  dichotomous  branching 


Fio.  lOO.— Aj>ex  v(  Dictyoto  dichotniHii,  showing  in  A,  I>,  (',  />  successive  stages  iu  tlie  bifurcation 

of  tlie  growing  jioint ;  <»,  apical  cell.    (After  Na<;ku.) 

SO  apparent  in  DidyoUt  is  preceded  by  a  longitudinal  division  of  the 
apical  cell  into  two  equal  adjoining  cells  {B,  a,  a).  By  the  enlarge- 
ment and  continuous  division  of  these  two  new  apical  cells  the  now 
bifurcated  stem  becomes  prolonged  into  two  forked  branches  (Fig. 
160,  J)),  In  other  ribbon-like  Ahjaf\  on  the  other  hand,  and  in 
similarly  shaped  Ilepaticae,  as  in  Metzyeria  and  Aneura,  the  apical  cell 
is  wedge-shaped  (Fig.  161),  and  the  successive  segments  are  cut  off 
alternately  right  and  left  by  intersecting  oblique  walls ;  from  these 
segments  the  whole  body  of  the  plant  is  derived  by  further  division. 
The  apparently  strictly  dichotomous  branching  of  Hepatirae  provided 
with  such  a})ical  c(j11s  is  in  reality  due  to  the  early  development  of 
new  apical  cells  in  young  segments  (Fig.  161,  6).  In  the  case  of  the 
erect  radially  symmetrical  stems  of  the  Musei,  most  Ferns  and 
Eqimetaceae,  the  apical  cell  has  generally  the  shape  of  an  inverted 
pyramid  with  plain  sides  and  a  convex  base,  and  forms  the  apex  of 
the  vegetative  cone  characteristic  of  the  more  highly  organised  plants. 
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In  the  Common  HorsetaQ  (Equhetum  an-en^e),  for  example,  the  apical 
cell  of  the  main  axis  viewed  from  above  (Fig.  163,  A),  appears  as  an 
equilateral  triangle,  in  which  new  walls 
are  successively  formed  in  a.  spiral  direc- 
tion,  parallel   to   the  original   walls   {j>). 
Each  new  segment  thus  derived  is  divided 
bjr  a  new  division  .wall  (Figs.  162,  163,  m) 
into  an  upper  and  lower  half ;   each   of 
these  halves,  as  is  shown  most  clearly  by 
an  optical  section  just   below  the  apical 
ceil  (Pig.  163,  B),  becomes  again  divided 
by  a  sextant  wall  (f)  into  two  new  cells. 
It  is  unnecessary  to  trace  the  further  divi-  ' 
Dons,  and  it  will  suffice  to  call  attention  to 
the  fact,  that  all  cell  walls  parallel  to  the 
outer  surface  of  such  vegetative  cones  or 
portions  of  plants  are  termed  PERitxiNAL       x  r^lfm)  """"^    ^"""^  """' 
WALLS,  while  such  as  meet  the  surface  and 

the   periclinal   walls  at  right  angles  are   designated   anticlinal,  of 
which  those  in  the  plane  of  the  axis  of  an  organ  are  called  RADtAL. 


Ki<;.  l-i;.— Meiliui  loniiltiKlliia]  Met 


Some  distance  below  the  apical  cell  of  K'/'iMum  nirensi'  the  first  leaf- 
whorl  arises  from  the  vegetative  cone  as  a  circular  wall,  which  grows  by 
the  formation  of  cell  walls  inclined  alternately  inwards  and  outwards 


in  the  wedge-shaped  marginal  cells  which  form  its  surface  layer  (Fig. 
163,  /).  This  is  succeeded  al  a  lower  level  by  other  and  older 
leaf-whoHs  (/',/").  An  initial  cell  (g)  may  be  distinguished  in  the 
axil  of  the  second  leaf-wbor),  and  this  is  destined  to  become  the 
three-sided  apical  cell  of  a  aide  bi'anch.  In  the  Lycupodiitae,  the  most 
highly  developed  of  the  Pteridophytes,  a  distinct  apical  cell  can  no 
longer  be  recognised,  while  in  the  Phanerogams  the  cells  of  the 
vegetative  cone  are  arranged  as  shown  in  the  accompanying  figure  of 
Hippuris  vtilffaris  (Fig.  164),  in  which  the  embryonic  tissuBB  are  arranged 
in  layers  which,  as  was  first  noticed  by  Sachs,  form  confocal  parabolas. 
The  outermost  layer,  which  covers  both  vegetative  cone  and  also  the 
developing  leaves,  is  distinguished  as  the  dermatogen  (d) ;  the  cells  of 


pr,  pnibleiii;  pt.  pleromi' :  /,  Int 


the  innermost  cone  of  tissue,  in  which  the  central  cylinder  terminates, 
constitute  the  i-lerohe  (pi) ;  while  the  layers  of  cells  lying  between 
the  dermatogen  and  plerome  are  called  the  PERIBLEM  (pr).  In  tlie 
same  figure  may  be  noticed  the  uniformity  with  which  the  dividing 
walls  of  the  different  layers  intersect  at  right  angles.  This  arrange- 
ment was  regarded  by  Sachs  as  characteristic  of  the  whole  pluit 
structure.  The  anticlinal  walls  at  right  angles  to  the  surface  form  a 
system  of  orthogonal  trajectories  for  the  pericliiial  walls. 

True  ROOTS  are  first  found  in  the  Pteridophytes,  and  possess  an 
apical  cell  in  the  shajie  of  a  thiee-sided  pyramid  (Fig.  165,  f).  In 
addition  to  the  segments  given  od  by  the  apical  cell  parallel  to  its  sides, 
it  also  gives  rise  to  other  segments  {k)  parallel  to  its  base.  It  is  from 
the  further  division  of  these  latter  cap-like  segments  that  the  root-Cap 
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is  derived.  In  the  roots,  ae  in  the  Btems  of  the  Lycopodinae,  no  apical 
cells  are  found.  In  like  manner  the  roots  of  Phanerogams,  although 
exhibiting  several  ditTerent  types  of  root-growth,  follow  the  same  law 
in  the  arrangement  of  their  elements  as  the  vegetative  cone  of  the 
stems.  It  will,  accordii^ly,  be  sufficient  to  describe  a  root  of  one  of  the 
Gramineae  (Fig.  166)  as  a  representative  of  one  of  these  types.  The 
vegetative  cone  of  this  root  differs  from  that  of  the  stem  previously 
described  (Fig.  164)  in  the  possession  of  a  root-cap.     The  dermatogen 


(d)  and  periblem  (pr)  unite  at  the  apex  in  a  single  cell  layer,  outside 
of  which  lies  the  calyptrooen  (A)  or  layer  of  cells  from  which  the 
root-«ap  takes  its  origin.  In  many  other  roots,  however,  the  formation 
of  the  root-cap  results  from  the  periclinal  division  of  the  dermatogen 
itself,  which,  in  that  case,  remains  distinct  from  the  periblem.  In  the 
apices  of  Oymnosperms  the  dermatogen,  periblem,  and  calyptrogen 
are  not  marked  out  as  distinct  regions.  In  roots,  as  in  stems,  the 
plerome  cylinder  (pi)  almost  always  terminates  in  special  initial  cells. 
At  a  short  distance  below  the  growing  point  the  embryonic  tissue 


loses  its  tneristematic  character,  and  becomes  transformed  into  the 
differentiated  body  of  the  plant.  As  a  general  rule,  in  plants  with  an 
epidermis,  primary  cortex,  and  central  cylinder,  the  epidermis  ia 
developed    from    the    dermatogen;    the    primary   cortex   from    the 


periblem ;  the  central  cylin<ler  from  the  pleromc.  This  difTereiitiatJon 
of  the  tissues  does  not  take  place  in  all  cases ;  and,  in  fact,  does  not 
extend  to  the  embr}'onic  tissue,  the  peculiar  cell  arrangement  of  which 
is  due  rather  to  physical  causes.  The  vascular  bundles  must  pass 
through  the  ptriblem  in  order  to  reach  the  leaves.  The  periblem  is 
therefore  capable  of   producing,  not   only  the   primary  cortex,   but 


tlie  vasculu^r  bundles  and  accompanying  tissues  of  the  central 
fljnder.  The  terms  dermatogeii,  periblem,  and  plerome  are  em- 
toyed  merely  for  convenience  to  designate  certain  cell  layers,  and 
e  not  to  l>e  regarded  as  significant  of  any  peculiar  histogenetic  or 
Bue-forming  ability.  The  external  layer  from  which  the  epidermia 
rretops  usually  I'emains  a  single  cell  layer.  The  rudiments  of  the 
U  uiidcTeloped  vascular  bundles  bood  appear  in  the  central  cylinder 
procambium  strands;  while  the  endoUermia  of  roots  is  derived  at 
I  early  stage  from  the  innermost  layer  of  the  cortex. 

In  stems  with  apical  cells  the  rudiuents  of  nrw  leaves  and 
ICxyTs  are  developed  from  single  peripheral  cells,  or  cell  groups  of  the 
getative  coue  (Fig.  162).  In  suck  cases,  not  only  the  new  shoots, 
It  even  the  leaves,  usually  begin  their  development  with  an  apical 
tU.  The  apical  cells  of  the  leaves,  however,  soon  disappear,  and 
rtber  growth  proceeds  along  their  whole  margin. 

In  a  stem  with  no  apical  cell  (Figs.  16,  164)  the  rudiments  of  the 

ives  and  new  shoots  first  appear  ;is  small  protuberances,  the  formation 

which  is  generally  initiated  by  the  periclinal  division  of  a  group 

periblem  cells ;  while,  in  the  meantime,  the  cells  of  the  overlying 

itogen  continue  their  characteristic  anticlinal  divisious.     In  the 

of  new  shoots  developing  at  some  distance  from  the  growing 

of  the  parent  stem,  the  cells  from  which  they  are  destined  to 

retain  tor  that  purpose  their  original  embryonic  character.      In 

g,  as  LuDWiG  Koch  has  shown,  the  formation  of  the  buds  on  the 

^dly  growing  shoots  of   bushes  and   trees  may  be  postponed,  so 

lat  the  rudimentary  lateral  shoots  first  appear  in  the  axils  of  the 

ahth  or  even  the  tenth  youngest  leaves,  and  consequently  at  points 

Aere  the  differentiation  of  the  surrounding  tissue  has  already  begun. 

The  vegetative  cone,  in  the  case  of  strictly  dichotomously-branch 

shoots  (cf.    Fig.    14),  increases    the  number  of    its  cells    in    the 

ion  of  the  plane  of  the  subsequent  bifurcation,  and  eventually 

'es  rise  to  two  new  growing  points.     With  the  exception  of  those 

•ndoiihyUn,  whose  roots  as  well  as  st«ms  are  dichotomously  branched, 

>  bnuiubes  of  the  roots  arise   in   acropetal  succession  ;    and  their 

limbing  first  begins  in  regions  considerably  removed  from  the  grow- 

[   [mint,   and  where  the  dilTerentiation  of  the   tissues  is  already 

nplete.     In  Phanerogams  now  roots  are  developed  in  the  pericycle: 

I'teridophytes  in  the  innermost  cortical  layer.     The  lateral   roots 

1st  consequently  push  through  the  whole  cortical  layer  of  the  parent 

It.     They  are  situated  either  directly  in  trout  of  the  vascular  strands 

the  parent  root,  or  between  the  xylem  and  phloem  strands.     The 

nber  of  rows  of  lateral  roots  is,  therefore,  as  Van  TifUitlKM  has 

JDted  out,  either  equal  to  or  double  the  number  of  vascular  strands. 

the  strands  of  the  vasculai*  bundles  of  roots  take  a  straight  course, 

I  lftt«nJ  rooU  must  similarly  form  straight  rows,     The  distances 

ween  the  rows  themselves  arc  equal,  or  when  the  lattiral  roots  are 
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situated  to  the  right  and  left  of  each  vascular  strand,  the  rows  are 
arranged  in  pairs  with  wider  intervals  between  each  pair. 

Inasmuch  as  a  multicellular  plant  begins  its  development  as  a 
single  cell,  either  from  a  spore  or  fertilised  egg,  and  then  gradually 
passes  into  its  multicellular  condition  with  corresponding  internal  and 
external  differentiation,  n  repeats  in  its  ontogeny  the  steps  of  its 
PHYLOGENETic  de\t:lopment.  These  phylogenetic  processes,  however, 
undergo  material  modification  in  the  course  of  the  ontogenetic  develop- 
ment of  a  plant.  The  internal  modifications  are  in  some  respects  less 
marked  than  those  experienced  by  the  external  organs,  because  the 
internal  inherited  structure  is  less  subject  to  the  disturbing  action  of 
external  influences.  The  ontogeny  of  the  internal  differentiation  of 
a  plant  is  on  this  account  often  of  service  in  determining  its  relation- 
ships. In  most  cases,  it  may  be  safely  said  that  every  change  in  the 
internal  differentiation  of  an  organ  is  of  more  general  significance  the 
earlier  it  manifests  itself  in  the  development  of  the  embryo,  and  the 
nearer  it  occurs  to  the  growing  point  in  which  the  embryonic  de- 
velopment is  continued.  Conversely,  a  characteristic  is  so  much  the 
more  significant  for  the  determination  of  immediate  relationships, 
the  later  it  makes  its  appearance  in  the  ontogenetic  development. 

Structural  Deviations 

Plants,  even  of  the  same  species,  never  exactly  resemble  each 
other.  Every  individual  organism  has  its  own  peculiar  character- 
istics by  which  it  may  easily  be  distinguished  from  every  other  of  the 
same  species.  To  a  certain  extent  individual  variability  may  be  due 
to  ATAVISM,  or  the  reappearance  of  previous  ancestral  qualities.  The 
greater  part,  however,  of  such  individual  variations  are  the  result 
of  newly  develoj)ed  j)eculiarities.  Variations  which  are  inherited  lead 
to  the  development  of  new  varieties.  Independent  or  spontaneous 
deviations  are  often  the  cause  of  monstrosities,  and  as  these  are  apt  to 
disturb  the  regular  functions  of  an  organ  they  are  frequently  the  occasion 
of  disease.  The  study  of  the  abnormal  development  of  plants  is  called 
Phytoteratology.  That  a  plant  becomes  abnormally  developed  may 
be  due  either  to  internal  or  to  external  causes.  As  an  example  of 
variations  occasioned  by  internal  causes  may  be  cited  the  so- 
called  BUD- VARIATIONS,  which  result  in  the  abnormal  development  of 
single  shoots.  In  like  manner  a  variation  in  the  number  of  the 
members  of  a  floral  or  leaf  whorl  may  occur  as  a  result  of  internal 
causes ;  thus,  for  example,  Paris  qumhifolw  occasionally  exhibits  a 
hexamerous  instead  of  a  tetramerous  symmetry.  The  internal  struc- 
ture of  a  plant  may  likewise  be  disturbed,  and  the  development 
of  its  vascular  water-courses  or  of  its  mechanical  elements  become 
considerably  altered.  In  many  cases  variations  are,  no  doubt,  the 
result   of  changes   in    the   mode  of   nutrition ;   this   fact  has   been 
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taken  advantage  of  by  horticulturists  to  bring  about  certain  wished 
for  results.  Among  external  causes  of  variations  the  influence 
exercised  by  parasites  upon  the  development  of  the  whole  plant  is 
]jarticularly  striking.  Euphorbia  Cyparissias,  when  attacked  by  a  rust 
fungus  {Aecidium  Euphorbias),  becomes  sterile,  remains  unbranched, 
has  shorter  and  broader  leaves,  and  in  its  whole  appearance  is  so 
changed  as  scarcely  to  be  recognisable.  Plant  lice  sometimes 
cause  a  flower  to  turn  green,  so  that  instead  of  floral  leaves  green 
foliage -like  leaves  appear.  Another  peculiar  example  of  abnormal 
growths  are  the  galls  or  cecidia  produced  on  plants  by  Fungi, 
or  more  frequently  by  insects.  The  effect  of  these  formations 
on  the  normal  development  of  the  tissues  of  a  plant  is  more  or 
less  disturbing,  according  to  their  position,  whether  it  be  in  the 
embryonic  substance  of  the  growing  point,  or  in  the  tissues  still  in 
course  of  diflerentiation,  or  Anally  in  those  already  developed.  The 
larvae  of  Cecidomyia  rosaria  live  in  the  growing  points  of  willow  steins, 
and  occasion  a  malformation  of  the  whole  stem  by  the  production  of 
galls  known  as  "willow -roses."  Flies  (Diptera)  often  deposit  their 
eggs  in  the  tissues  of  partially  developed  leaves,  in  consequence 
of  which  the  leaves  become  more  or  less  swollen  and  twisted. 
After  the  leaves  of  the  Oak  have  attained  their  full  growth  they 
are  often  stung  by  a  gall- wasp  of  the  genus  Cynips.  The  poison 
introduced  by  the  sting,  and  also  by  the  larvae  hatched  from 
the  eggs  deposited  at  the  same  time,  occasion  at  first  only  a 
local  swelling  of  the  leaf  tissue,  which  finally,  however,  results 
in  the  formation  of  round,  yellow,  or  red  galls  on  the  lateral 
ribs  on  the  under  side  of  the  leaf.  As  galls  materially  differ 
from  one  another  according  to  the  nature  and  cause  of  their  forma- 
tion, it  is  generally  possible  to  determine  the  insect  or  Fungus  by 
which  they  were  induced.  As  an  explanation  of  malformations  which 
originate  in  the  plants  themselves,  some  exciting  cause  must  be  pre- 
sumed which  turns  the  processes  of  development  from  their  usual 
course.  The  earlier  such  an  influence  makes  itself  felt  in  the  rudi- 
ments of  organs  the  more  severe  is  its  effect  upon  their  development. 
When  the  embryonic  substance  of  the  growing  point  is  affected  by 
such  an  influence  altogether  unexpected  modifications  of  the  usual 
order  of  growth  may  result.  As  the  embryonic  substance  of  the 
growing  point  is  of  itself  capable  of  producing  all  such  forms  as 
are  peculiar  to  the  species,  instead  of  a  flower  a  stem  may  be  de- 
veloped, or  the  growing  point  of  a  root  may  continue  its  further 
development  as  a  stem.  Leaves,  even  when  somewhat  advanced  in 
growth,  may  under  changed  conditions  vary  their  usual  character, 
particularly  within  the  limits  of  their  possible  metamorphosis;  for 
example,  the  staminal  and  carpellary  leaves  of  a  flower  may  thus  become 
transformed  into  additional  perianth  leaves.  The  later  the  rudiments 
of  an  organ  are  acted  upon  by  a  disturbing  influence,  so  much  the  less 
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far-reaching  are  the  modifications  which  it  produces ;  and  thus  inter- 
mediate forms  between  two  organs  may  be  produced  which  correspond 
more  or  less  closely  to  one  or  the  other  of  them.  Finally,  through  the 
capability  of  a  fully-differentiated  tissue  to  renew,  as  a  secondary  men- 
stem,  its  embryonic  condition,  an  organ  of  an  entirely  different  mor- 
phological value  may  be  produced  instead  of  one  already  in  process  of 
formation ;  in  this  way,  for  example,  a  shoot  may  take  the  place  of  a 
spore  capsule.  Consequently  neither  the  abnormal  interchangeability, 
at  times  manifested  between  morphologically  different  members,  nor 
the  development  of  intermediate  forms  between  them,  can  be  con- 
sidered as  proof  of  their  phylogenetic  connection.     Malformations 

ARE,  ACCORDINGLY,  NOT  TO  BE  ACCEPTED  AS  EVIDENCE  IN  MORPHO- 
LOGICAL QUESTIONS,  EXCEPT  IN  THE  RARE  CASES  WHEN  THEY  MAY  BE 
CONSIDERED  AS  A  REAPPEARANCE  OF  ANCESTRAL  QUALITIES. 
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Plants,  like  animals,  are  living  organisms.  Beginning  their  develop- 
ment with  the  simplest  structure,  and  increasing  in  size  from  internal 
causes,  they  assume  their  definite  form  and  complete  their  existence 
according  to  laws  determined  by  inheritance.  Surrounded  by  a  world 
which  differs  very  widely  from  them  as  regards  chemical  constitution, 
they  produce  the  substances  necessary  to  their  growth  from  the  raw 
materials  afforded  by  the  environment.  To  this  end  the  different  parts 
of  their  bodies  are  enabled  by  independent  movements  to  take  such 
relative  positions  as  are  most  favourable  to  their  mode  of  growth.  In 
spite  of  the  number  of  individuals  and  the  limited  duration  of  life,  the 
continuance  and  extension  of  the  species  are  provided  for  by  an  ability 
to  reproduce  like  organisms. 

Nourishment,  independent  growth,  power  of  movement,  and 
REPRODUCTION  are,  together  with  respiration,  the  striking  attnbutes 
which  characterise  plants  as  living  organisms,  and  distinguish  them 
from  all  lifeless  bodies. 

An  organism  consisting  of  but  one  cell,  as  is  shown  by  the  life  of 
the  simplest  plants,  is  capable  of  exercising  all  the  functions  necessary 
for  the  continuance  of  its  existence.  In  the  case  of  plants,  however, 
which  consist  of  many  hundreds  or  thousands  of  cells  arranged  in  three 
dimensions  of  space,  it  is  impossible,  for  purely  physical  reasons,  that 
all  the  cells  should  bear  the  same  relations  to  the  outer  world.  The 
cells  in  the  interior  must  exist  under  conditions  altogether  different 
from  those  which  are  in  direct  contact  and  intercourse  with  the  world 
outside.  Consequently,  the  differently  arranged  elements  must  be 
adapted  for  different  modes  of  life,  and,  since  they  must  exercise  their 
functions  in  different  ways,  must  show  what  is  called  differentiation. 

This  necessary  division  of  labour  ha^  led  to  the  development  of 
external  organs  and  internal  structures  wonderfully  adapted  to  the 
ref^uirements  of  the  whole  plant.  Correlated  with  the  various  Classes 
and  relationship  of  plants,  there  are  certain  differences  as  regards 
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form  and  function.  But,  in  all  plants,  those  organs  to  which  the 
same  functions  are  assigned  have  assumed  the  form  most  efficient 
for  their  purpose  ;  so  that,  for  example,  the  leaves  and  roots  of  plants 
otherwise  most  dissimilar  are  constiTicted  on  the  same  general  plan. 
In  proof  of  this  may  be  cited  the  general  terms  leaf,  root,  stem,  and 
flower,  the  comprehensiveness  of  which  is  even  more  evident  in  popular 
speech  than  in  the  technical  language  of  Botany,  which  has  given  to 
these  terms  a  more  strictly  defined  and  limited  meaning. 

Similarity  in  the  appearance  and  structure  of  organs  indicates  the 
exercise  of  common  functions  and  duties ;  while  dissimilarities  in  the 
form  and  structure  of  different  organs — such  as  the  leaf  and  i*oot — are 
indicative,  on  the  other  hand,  of  their  different  utility  to  the  plant. 
There  lies,  then,  in  the  morphological  and  anatomical  development  of 
an  organ  an  unmistakable  proof  that  it  exists  because  of  its  function, 
and  that  it  is  not  of  accidental  origin. 

The  attributes  and  functions  of  organs,  as  well  as  of  single  cells,  are 
the  subjects  of  physiological  study.  It  is  evident,  however,  that  such 
study  must  be  based  upon  an  intimate  knowledge  of  the  outer  and 
inner  structure  of  plants  ;  just  as  the  working  and  efficiency  of  a 
machine  first  become  comprehensible  through  a  knowledge  of  its  con- 
struction. On  the  other  hand,  the  study  of  external  and  internal 
Morphology  becomes  animated  by  Physiology,  and  attains  thereby  a 
deeper  purpose  and  meaning. 

It  is  the  province  of  Physiology  to  discover  the  points  of  correspond- 
ence among  the  numerous  individual  phenomena,  and  to  bring  to  light 
such  as  possess  an  essential  functional  significance.  On  the  other  hand,  it 
is  the  variations,  or  family  peculiarities,  which  are  of  value  in  Systematic 
Botany,  since  from  them  a  knowledge  of  family  relationships  may  be 
derived.  For  example,  it  suffices  for  the  physiological  conception  of 
flowers  to  know  that  they  are  the  organs  of  sexual  reproduction  in 
higher  plants ;  that  the  male  cells  are  somehow  developed  from  the 
pollen  formed  in  the  anthers ;  that  from  the  female  cells  enclosed 
within  the  ovules,  after  their  union  with  male  cells,  the  embryos  or 
rudimentary  plants  are  derived.  These  important  facts  are  equally 
true  for  all  flowers,  no  matter  how  dissimilar  they  may  appear. 

The  Physical  and  Vital  Attributes  of  Plants 

With  the  exception  of  the  more  or  less  fluid  developmental  stages 
in  some  of  the  lower  organisms,  as  in  Amoeha  or  the  plasmodia  of 
Myxoraycetes,  plants,  in  spite  of  the  great  amount  of  water  contained 
in  them,  are  of  the  nature  of  solid  bodies.  As  such  they  possess  in 
common  even  with  inanimate  objects  the  physical  attributes  of  weight, 
density,  elasticity,  conductivity  for  light,  heat,  electricity,  sound,  etc 
Important  as  these  attributes  are  for  the  very  existence  and  continu- 
ance of  the  life  of  a  plant,  they  do  not  constitute  that  life  itself. 


VlT.VL  PHENOMENA  ARK  EHSENTIALLY  BOUND  UP  WITH  TUK  LIVING 

PKaTupi„\sM.  Xo  otiier  substance  exhibits  a  simitar  series  of  remark- 
able and  varied  phenomeiia,  such  as  we  may  compare  with  the 
attributes  of  life.  As  both  physics  and  chemistry  have  been  restricted 
to  the  inrestigatioii  of  lifeless  bodies,  any  attempt  to  explain  vital 
phenomena  solely  by  chemical  and  physical  laws  could  only  be  itiiluced 
by  a  false  conception  of  their  real  significance,  and  must  lead  to  fruit- 
lew  results.  The  physical  attributes  of  air,  water,  and  of  the  glasses 
and  metals  made  use  of  in  physical  apparatus,  can  never  explain 
qualities  like  nutrition,  respiration,  growth,  irritability  and  repro- 
duction. It  would,  indeed,  be  superfluous  to  emphasise  the  fact,  were 
it  not  that  this  error  is  from  time  to  time  repeated. 

The  phenomena  of  life  can  only  be  studied  and  determined  by  the 
most  careful  observation  and  critical  examination  of  living  organisms. 
It  is  therefore  necessary  to  establish  what  part  ihe  purely  physical  and 
chemical  properties,  which  belong  to  all  bodies,  take  in  the  phenomena 
of  life,  and  to  what  extent  they  are  essential  to  the  maintenance  of 
life  itself.  A  perception  of  the  strictly  physical  and  chemical  processes 
^ing  on  within  an  orgatiiam  is  especially  desirable,  because  operations 
are  thvn  involved  with  the  causes  and  effects  of  which  we  are  already 
familiar.  In  questions  regarding  strictly  vital  phenomena  the  case  is 
quite  dilTerent;  for  it  then  becomes  impossible  to  predict  what  effect 
a  particular  cause  will  produce.  The  free  end  of  a  horizontally 
extended  flexible  rod  bends  downwards  merely  by  its  own  weight. 
The  same  result  will  follow  if  any  part  of  a  dead  plant,  such  as 
a  dry  stem,  be  substituted  for  the  rod.  But  if  a  living,  growing 
stem  be  used  in  the  experiment,  then  the  action  of  gravity  will 
manifest  itself  in  a  manner  altogether  at  variance  with  its  ordinary 
operation.  That  part  of  the  stem  which  is  still  in  n  state  of  growth 
■will  ultimately  curve  upwards,  and  BY  ITS  OWN  activity  assume  AN 
tTRlGHT  PosiTlfjM  ;  it  moves  in  a  direction  exactly  contrary  to  the 
attractive  force  of  gravity.  If  a  tap-root  he  similarly  experimented 
upon,  it  will,  on  the  contrary,  continue  its  downward  movement  until 
it  places  it«eir  in  a  lino  with  the  direction  of  the  attraction  ;  a  rhizome, 
however,  under  like  circumstances,  woidd  constantly  maintain  its 
growing  apox  in  a  horizontal  position. 

Id  these  three  experiments  the  force  of  gravity  is  exerted  upon 
flexible  portions  of  plante.  The  physical  conditions  are  the  same  in 
each  case,  yot  bow  entirely  different  the  results  ! 

The  explanation  of  this  dissimilarity  in  the  etfects  of  the  action 
of  gnvily  is  to  be  sought  in  the  fact  that  gravity  acts  upon  liv- 
ing substances,  not  only  physically  but  also  in  another  way,  as  a 
Kiuulufl  which  induces  a  response  in  the  internal  forces  of  the  plant 
body.  In  these  particular  experiments  it  is  the  force  of  growth 
which,  locally,  cither  increases  nr  restricts  the  force  of  gravity,  and 
produiwa   results   which    do    not    correspond    either    ipialitatively    or 
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quantitatively  with  the  known  operations  of  the  laws  of  gravity. 
Living  substance  is  dominated  by  the  operation  of  stimuli.  Irrita- 
bility'is  its  most  important  attribute,  for  it  is  irritability  alone  that 
renders  possible  what  we  call  life. 

By  irritability  is  meant  the  undoubted,  though  not  fully  under 
stood,  connection  between  external  stimuli  and  the  response  of  a 
living  organism.  The  disproportion  that  may  exist  between  a 
cause  and  its  ultimate  effect  is  plainly  apparent  in  a  steam  engine 
in  motion  or  in  the  firing  of  firearms.  The  slight  pressure  of  the 
finger  in  firing  a  cannon  has  as  little  correspondence,  either  quantita- 
tively or  qualitatively,  with  the  destructive  effect  of  the  shot,  as  the 
small  effort  necessary  to  open  the  throttle-valve  of  a  locomotive  to 
the  continuous  motion  of  a  heavily-ladened  goods  train.  The  opening 
of  the  valve  of  an  engine  before  the  steam  is  up  has  no  effect;  it 
is  only  when,  by  this  process,  the  compressed  steam  is  liberated  that 
it  is  followed  by  such  enormous  results.  In  the  engine  the  connection 
between  the  cause  and  its  effect  is  known  ;  in  the  effects  of  stimuli  on 
protoplasm  this  connection  is  not  apparent,  for  in  the  protoplasm 
the  intermediate  processes  remain  invisible  to  the  eye,  even  when 
aided  by  the  best  microscope.  Tliere  is,  however,  no  occasion  for 
the  supposition  that  the  connection  between  the  stimulating  cause 
and  its  effect  on  the  protoplasm  is  accomplished  by  processes  which 
are  otherwise  foreign  to  the  protoplasm  itself,  and  which  are  called 
into  existence  only  under  the  influence  of  a  special  force,  the  vital  force. 
It  was  formerly  thought  necessary  to  ascribe  not  only  all  indications 
of  life,  but  even  all  the  transforming  processes  carried  on  within 
animate  objects,  to  the  effects  of  a  special  vital  force  or  principle. 
Now,  however,  the  conception  of  the  vital  processes  has  become  so 
modified  as  no  longer  to  require  the  supposition  of  such  a  special 
vital  force ;  while  the  impossibility  of  explaining  the  manifold  variety 
of  their  manifestation  by  the  action  of  a  single  force,  and  the  advances 
made  in  chemistry  {cf.  p.  5),  have  shown  the  futility  of  such  a 
supposition. 

Although,  at  the  present  time,  the  existence  of  a  special,  in- 
dependent vital  force  is  denied  by  Physiology,  and  only  such 
agencies  are  accepted  as  are  inherent  in  the  substance  of  an  organ- 
ism itself,  still  we  m\ist  at  the  same  time  take  account  of  such  a 
vital  force  in  so  far  as  it  may  be  regarded  as  the  expression  of  a 
living  substance,  endowed  with  a  peculiar,  internal  structure,  which 
is  in  some  way  so  constituted  that  certain  actions  and  conditions 
are  followed  by  definite  vital  processes.  It  is,  then,  this  peculiar 
quality  of  irritability  that  distinguishes  living  protoplasm  from  other 
bodies,  and  which  constitutes  the  fundamental  distinction  between 
living  and  dead  protoplasm.  Such  a  view  i.s,  however,  not  con- 
trary to  accepted  ideas ;  simple  chemical  bodies,  indeed  even 
chemical  elements,  such  as  sulphur,  phosphorus,  etc.,  exist  in  different 
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"modifications"  with  fundamentally  different  peculiarities.  In  con- 
sidering living  organisms,  it  is  the  irritability  or  living  modification 
of  the  protoplasmic  substance  which  must  occupy  the  attention.  The 
object,  therefore,  of  Physiology  consists  principally  in  discovering 
the  attributes  and  characteristics  incident  to  the  modifications  of 
hving  protoplasm. 

These  attributes  and  characteristics  are  so  distinctive  as  to 
separate  by  a  wide  gap  living  bodies  from  all  other  matter.  It  is, 
in  fact^.  impossible  to  form  any  conception  of  the  manner  in  which 
living  bodies  have  arisen  on  this  once  molten  planet  from  lifeless 
matter.  Acceptance  of  the  theory  of  evolution  authorises,  it  is  true, 
the  transfer  of  the  inception  of  life  on  the  earth  to  geological  periods 
separated  by  millions  of  years  from  the  present  time ;  but  the 
initiative  character  of  such  dawning  life  remains  no  less  incom- 
prehensible. From  a  consideration,  however,  of  the  attributes  of  the 
living  substance,  it  can  with  safety  be  said  that  the  external  con- 
ditions of  life  could  not  at  that  time  have  been  so  very  different  from 
those  now  existing  on  the  earth ;  for  it  is  a  characteristic  quality 
of  living  matter  that  its  vital  activity,  even  its  very  existence, 
is  circumscribed  and  limited  by  external,  cosmic  influences.  The 
vitality  of  vegetable  protoplasm  can  only  be  preserved  within  a 
definite  range  of  temperature,  within  about  sixty  degrees  Celsius, 
while  its  full  vital  activity  is  restricted  to  still  narrower  limits.  Too 
intense  light  or  an  iusulficieiicy  of  water  destroys  its  life ;  while  the 
most  minute  quantities  of  certain  poisons  suffice  to  shatter  instantly 
and  irrevocably  that  mysterious  structure,  in  which,  under  favourable 
conditions,  lies  concealed  the  capacity  to  vivify  the  whole  world. 

Although  living  plants  are  themselves  responsible  for  the  manner 
in  which  their  vital  phenomena  manifest  themselves,  they  stand, 
nevertheless,  in  the  closest  reciprocal  relations  with  their  environment, 
upon  the  condition  of  which  they  are  altogether  dependent.  From 
the  outer  world  they  obtain  not  only  their  nourishment,  but  receive 
also  from  it,  particularly  from  the  vibrations  of  light  and  heat,  the 
energy  that  they  again  expend  in  the  manifold  processes  of  their  vital 
phenomena.  It  is  to  the  operation  of  these  external  influences  that 
the  stimuli  are  due  which  constantly  call  forth  in  vegetable  protoplasm 
the  manifestation  of  vital  phenomena.  These  external  influences, 
however,  are  only  serviceable  to  the  ])rocesses  of  life  when  they 
operate  within  definite  limits  of  intensity.  The  lowest  limits  of 
intensity  for  the  effective  operation  of  an  external  influence  is 
designated  the  minimum,  the  highest  the  maximum,  while  that 
<legree  of  intensity  at  which  it  is  most  operative  in  calling  forth  the 
most  active  manifestation  of  a  definite  vital  phenomenon  is  termed  the 
oitimum  (c/.  also  p.  234).  For  the  difterent  vital  processes  of  the  same 
plant,  and  also  for  those  of  distinct  plants,  these  so-called  cardinal 
POINTS  are  generally  different.     Thus,  some  plants  flourish  best  when 


expoaeJ  to  bright  sunlight,  while  the  shade-loving  plants  only  attain 
their  perfect  development  in  a  suhdued  light,  such  as  that  of  a  forest. 
Not  only  does  tlie  intensity  of  the  required  illumination  differ  for 
different  species  of  plants  and  also  for  individuals  of  the  same  species, 
but  it  may  be  inconstant  even  for  the  same  plant.  Shade  is  absolutely 
essential  for  many  tropical  plants  in  a  3'oung  state,  although  at  a  later 
age  they  can  endure  and  may  even  require  the  full  light  of  the  tropical 
sun. 

Ou  exposure  to  a  low  temperature,  about  the  freezing  point  of 
water,  most  plants  become  frozen  and  die,  generally.  Very  scnsitirs 
plants  may  even  become  frozen  at  a  temperature  considerably  al)Ov« 
zero,  before  ice  has  been  formed  in  their  tissues.  In  the  case  of  othitT 
plants  the  internal  formation  of  ice  in  their  tissues  does  not  of  itself 
occasion  death.  The  formation  of  ice  always  begins  jri  the  inter- 
cellular spaces  and  not  within  the  cells.  Its  continued  formation  ia 
accompanied  by  an  increasing  concentration  of  the  coll  sap ;  a£  a 
consequence  of  this  ice  first  begins  to  form  in  plants  at  a  temperature 
below  zero,  and  only  gradually  increases  in  ease  of  a  gre.ittr  reduo- 
tion  of  temperature. 

I.  The  Stability  of  the  Plant  Body 

One  of  the  most  important  and  essential  physical  attributes  of 
a  plant  is  its  rigidity.  Without  that  quality  plants  could  retain 
no  enduring  form.  The  capacity  to  return,  by  their  own  independent 
movement,  to  favourable  jjositions  from  which  they  inay  liavo  beCB 
forcibly  disturbed  by  external  influences,  is,  in  trees  and  shrubs,  and 
also  in  the  more  rigid  herbs,  restricted  to  the  extreme  tips  of  the 
growing  stems. 

How  great  are  the  demands  made  njxm  the  stability  of  jilantA 
will  bo  at  once  apparent  from  a  considf ration  of  a  rye  haulm ;  ior 
although  it  is  composed  of  hundreds  of  thousands  of  small  chambers 
or  cells,  and  lias  a  height  of  1500  mm.,  it  is  at  its  base  scarcely  3  mm. 
in  diameter.  The  thin  stems  of  reeds  reach  a  height  of  3000  mm.  with 
11  base  of  only  15  mm.  diameter.  The  height  of  the  reed  exeeeils  liy 
two  hundred  times,  and  that  of  the  rye  haulm  by  five  hundred  timely 
the  diameter  of  the  base.  In  comparison  with  these  proportions  out 
highest  and  most  slender  buildings,  sucii  as  tall  chimneys,  ars 
extremely  thick  structures  ;  in  them  the  height  is  only  from  twelve  to 
seventeen  times  the  diameter  of  the  base.  In  addition,  moreover, 
to  the  great  disproportion  between  the  height  and  diameter  rf' 
plants,  they  are  often  surmounted  by  a  heavy  weight  at  the  summit;: 
the  rye  straw  must  sustain  the  burden  of  its  eara  of  grain,  tbtt' 
slender  Palm  the  heavy  and  wind-swayed  leaves,  which  in  Ltidoitra 
Serhellanim  have  a  length  of  7  m.  and  a  brt-adlh  of  3-4  m.,  wliil* 
in    the    Palm  Jlajikiit   Ifini/ufrii  the   leaves  reach  a  size  of  20  ro 


lenglli  mill  1 2  m.  in  breadth.  In  the  ca&e  of  free-growing  plants, 
which  attain  tbo  height  of  high  buildings,  cjf.  Eiiailifptux  and  S&juoin, 
the  propoi'tions  noticed  in  a  single  grHSS-haulm  no  longer  obtain. 

In  plants,  however,  the  rigid  immobility  of  a  building  is  not 
required,  and  they  possess  instead  a  wonderful  degree  of  elasticity. 
The  rye  straw  bends  before  the  wind,  but  only  to  return  to  its 
original  position  when  the  foi-ce  of  the  wind  has  been  expended. 
The  mechanical  equipment  of  plant  bodies  is  [>eciiliar  to  themselves, 
but  {lerfectly  adapted  to  their  needs.  The  firm  but  at  the  same 
time  elastic  material  which  plants  produce,  is  put  to  the  most  varied 
Dses  by  mankind ;  the  wood  forms  an  easily  worked  yet  suHiciently 
durable  building  material,  mid  the  bast  fibres  are  employed  for  a 
variety  of  economic  purposes. 

In  young  stems  and  plants,  in  which  the  stiff  but  elastic  wood 
and  sclerenchymatoua  fihres  are  not  developed,  the  necessary  rigidity 
citnnot  be  attained  in  the  same  way  as  in  the  older  and  woody  stems. 
But  although  the  ]irineipal  component  of  such  young  stems  is  water 
(often  90  per  cent  or  more),  tliey  maintain  a  remarkable  degree  of 
rigidity  and  elasticity  through  the  elastic  tension  of  their  extremely 
ihin  and  delicate  cell  walls. 

Ttirgidlty. — When  air  or  water  ia  forced,  under  pressure,  into  an 
eliutic  rccci>tacle  such  as  a  rubber  tul>e,  the  walls  of  the  tube  be- 
come stretched  and  the  tube  longer  aud  thicker.  By  this  process 
the  tube  becomes  just  so  much  stiffer  and  firmer  the  greater  the 
internal  pressure  and  the  more  elastic  and  thinner  its  wall.  By  the 
aimilxr  tension  of  their  elastic  cell  walls  arising  from  internal  pressure, 
die  ri}^dity  and  elasticity  of  thin-walled  plant  cells,  and  organs  com- 
peted of  them,  are  maintained.  The  cellulose  walls  of  parenchymatous 
cello  are,  in  spito  of  their  delicate  structure,  exceedingly  firm  and, 
at  the  same  time,  elastic ;  when  distended,  thercfoi-e,  by  a  strong 
internal  pressure  they  exhibit  physical  projierlies  similar  to  those  of 
tt  rubber  tube.  In  order  to  understand  how  such  an  internal  pressure, 
aelMitlly  existing  within  a  cell,  can  arise,  it  is  necessary  to  take 
inio  consideration  the  physical  phenomenon  of  osmosis,  first  in- 
vestigated by  the  botanist  Dltrochkt,  and  later  more  particularly 
studied  by  PFKFFBn  and  Dk  Vkies.  Disregarding  the  recent  and  as 
yet  merely  theoretical  views,  according  to  which  osmotic  pressure,  like 
thnt  iif  steam,  is  supposed  to  be  derived  from  the  impact  of  motile, 
Uolatnl  molecules  or  ions  against  the  walls,  it  will  be  assumed  that 
osmosis  is  due  simply  to  the  mutual  attraction  of  small  particles  of 
•olid  matter  and  their  solvents.  It  depends  also  on  the  molecular 
attraction  which  converts  solid  bodies  into  solutions,  anil  which  so 
(grates  that  the  dis«olvod  substances  become  uniformly  distributed 
throDgbotit  fJie  solution. 

When  two  solutions  of  une(|nal  concentration  are  separated  by  a 
int-iubrittn;    which    is   equally   (lernieable  to  both,   an   attriiction   and 
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diffusion  of  both  liquids  will  take  place  through  the  separating  mem- 
brane. If,  however,  the  membrane  is  more  easily  permeated  by  one 
of  the  solutions  than  by  the  other,  then  a  larger  quantity  of  the  one 
than  the  other  will  pass  through  it ;  and,  in  case  the  membrane  is  only 
permeable  for  one  solution,  that  one  alone  will  be  drawn  through  it 
If  a  pig's  bladder  be  filled  with  a  solution  of  common  salt  and  then 
immersed  in  water,  the  flow  of  water  into  the  bladder  is  more  rapid 
than  the  outflow  of  the  salt  solution,  and,  in  consequence,  an  internal 
pressure  is  exerted  within  the  bladder  sufficient  to  expand  it  to  a  hard, 
rigid  body. 

A  pressure  similar  to  that  arising  from  the  osmotic  attraction  of 
the  salt  solution  is  produced  in  plant  cells  by  the  substances,  particu- 
larly organic  and  inorganic  acids,  salts  and  sugar  compounds,  held  in 
solution  in  the  cell  sap.  The  living  protoplasm  of  the  cell  does  not 
allow  any  of  the  substances  dissolved  in  the  sap  to  pass  out,  except 
such  as  escape  through  the  diffusion  taking  place  between  the  cells 
themselves.  In  this  process  a  constant  transmutation  and  transforma- 
tion of  the  cell  substances  occurs,  but,  as  may  be  observed  in  cells 
with  coloured  cell  sap,  these  are  held  in  by  the  protoplasm,  and  in 
particular  by  the  protoplasmic  membrane  (p.  51).  These  substances, 
however,  draw  in  water  through  the  cell  walls  and  the  protoplasm, 
and  so  set  up  a  pressure  within  the  cells  often  as  high  as  3  atmo- 
spheres. In  some  instances  this  pressure  may  amount  to  10,  12,  15, 
and  20  atmospheres  (e.g.  cells  of  the  cambium  and  medullary  rays  of 
trees).  Thus  a  tension  is  created  which  frequently  exceeds  that 
exerted  by  the  steam  of  the  most  powerful  locomotives.  Through 
the  force  of  such  a  tension  the  cell  walls  become  so  distended,  that 
cells  under  the  influence  of  this  })ressure  or  turgidity  become  longer 
and  larger  than  in  their  unexpanded  condition. 

When,  from  any  cause,  the  quantity  of  water  in  such  a  turgescent 
cell  is  diminished  the  internal  pressure  is  naturally  decreased,  and  the 
distended  cell  walls  shrink  together  again.  The  cell  grows  smaller, 
and,  at  the  same  time  losing  its  rigidity  and  elasticity,  becomes  soft 
and  flaccid. 

This  condition  occurs  from  natural  causes  when  a  succulent  plant 
loses  more  water  by  evaporation  than  it  can  replace,  and,  in  conse- 
quence, becomes  flaccid.  Such  a  flaccid  plant  plainly  shows  that  the 
rigidity  is  not  maintained  by  its  framework  of  cell  walls,  but  by  the 
hydrostatic  pressure  within  the  cells,  for  with  a  more  abundant  water 
sui)ply  it  returns  to  its  original  condition. 

In  addition  to  loss  by  evaporation,  water  is  also  withdrawn  from 
cells  by  the  same  molecular  force  which  causes  the  internal  or  endos- 
motic  pressure.  In  cases  where  the  cells  are  surrounded  by  a  solution 
which  exerts  an  attraction  upon  water,  the  turgidity  of  the  cells  is 
proportionally  weakened,  and,  if  the  force  of  the  exosmotic  pressure  is 
sufficient,  it  may  be  altogether  overcome.    On  account  of  the  consequent 
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PLASMOLYSis,  OF  the  contraction  and  separation  of  the  protoplasm  from 
the  cell  walls,  occasioned  by  the  withdrawal  of  water,  the  tension  of 
the  cell  walls  is  decreased,  and  the  cell  becomes 
flaccid  and  collapses  (Fig.  167),  although  com- 
pletely surrounded  by  an  aqueous  solution.  If 
placed  in  pure  water,  however,  the  previous 
turgescence  of  the  cells  can  be  restored,  that  is, 
if  their  protoplasm  has  not  been  too  strongly 
affected  by  the  action  of  the  solution.  If  the 
protoplasm  has  been  killed  in  the  process,  it 
becomes  permeable  to  water,  and  it  is  no 
longer  possible  to  set  up  an  internal  pres- 
sure. Fresh  sections  of  Beets  or  Carrots, 
placed  in  water,  give  up  none  of  their  sugar 
or  colouring  matter ;  but  after  the  protoplasm 
has  been  killed  (by  cooking  or  freezing),  the 
sugar  and  colouring  matter  at  once  escape  into 
the  surrounding  water,  and  the  sections  lose 
their  firmness  and  rigidity. 

Tlirough  a  knowledge  of  the  strength  of  a  solution 
necessary  to  jiroduce  i)lasniolysis,  a  means  is  afforded 
of  measuring  the  internal  pressure  within  plant  cells. 
For  examjile,  if  a  solution  of  saltpetre  with  an  osmotic 
|»ressure  of  5  atmospheres  (a  1  per  cent  solution, 
according  to  Pfeffer's  investigations,  gives  rise  to  a 
pressure  of  about  3^  atmospheres)  is  just  sufficient  to 
overcome  the  turgidity  of  a  plant  cell  (which  in  the 
case  of  stretched  elastic  cells  shows  itself  by  the  limit 
of  contraction  being  reached),  tlien,  conversely,  the 
cell  sap  exerts  upon  water  an  equivalent  endosmotic 
j»ressure.  The  force  required  to  forcibly  stretch  a 
flaccid    or    plasmolysed    organ   to    its    original    length 

famishes  also  a  rough  means  of  estimating  the  ]>ressure  developed  in  turgescent 
tissues. 

• 

In  the  tension  produced  by  turgidity  we  see  how  purely  physical 
processes  determine  the  rigidity  of  plants.  These  physical  processes 
are,  however,  dependent  upon  the  vital  functions  of  plants,  inasmuch 
as  they  can  only  be  called  into  action  by  living  protoplasm.  Living 
plant  cells  have  thus  power  to  regulate  the  physical  effects  of  osmotic 
pressure  by  increasing  or  <liniinisliing,  or  even  suddenly  overcoming 
their  turgidity  (c/.  Movements  of  Irritability,  ]).  269).  It  will  also  be 
apparent,  in  considering  the  operation  of  otlier  physical  forces,  that 
the  primary  and  essential  result  of  the  vital  action  is  to  give  rise  to 
the  c>peration  of  physical  processes,  to  favour,  constrain,  or  vary  them 
in  such  a  way  that  they  become  of  service  to  plant  life. 

Tension    of  Tissues. — The   rigidity    of   parenchymatous    tissue, 


Fic.  107.— Internoilal  cell  of 
Xitelht.  F,  FreHh  and  tur- 
p'scent ;  ;>,  with  turgor 
rt'fliiced,  flaccid,  shortor 
and  Kiiialler,  the  proto- 
plasm separate<l  from  tht* 
cell  walls  in  fol«ls ;  fj<, 
lateral  segments.  (  x  circa 
n.) 
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although  to  a  large  extent  dependent  upon  the  tension  arising  from  the 
turgidity  of  its  individual  cells,  is  nevertheless  considerably  enhanced 
by  the  opposing  jiressiire  between  the  inner  and  outer  tissue  syatemB, 
in  particiilur,  between  the  pith  and  the  epidennni  and  corlieal  tissues. 
The  pith  in  this  case  represents  the  cell  sap,  as  it  is  continually 
striving  to  increase  its  volume  ;  the  epidermal  and  cortical  layers,  on 
the  other  hand,  by  the  pressure  of  the  internal  pith  cylinders,  are 
stretclied  and  distended,  jnst  aa  are  the  cell  walls  by  the  osmotic  pres- 
aure  of  the  cell  sap.  The  tension  thus  arising  from  the  mutual  resist- 
ance of  different  tissue  systems  acts  upon  the  various  plant  organs 
like  the  turgidity  of  the  single  cells,  and  keeps  them  firm  and  rigid. 

Tlie  tension  of  tissues  is  easily  demonstrated  by  removing  a  strip 
of  the  peripheral  tissue  from  a  piece  of  a  turgescent  stem  (of  a  Sun- 
flower, HelUinthas,  for  example),  and  cutting  ont  the  pith.  It  will  he 
found  that  the  outer  tissue  at  once  becomes  sliorter,  and  the  pith 
longer  than  when  they  were  both  united  in  the  stem.  If  the  length 
of  the  stem  experimented  upon  was  50  cm.,  the  cortical  atrip 
would  shrink  to  46  cm.,  and  the  pith  lengthen  to  1)3-60  cm.  From 
this  experiment  it  will  be  seen  tliat  the  natural  length  of  a  stem 
represents  the  equilibrium  maintained  between  the  tendency  of  the 
pith  to  elongate  and  of  the  outer  tissues  to  contract.  The  cortical 
tissue  between  the  epidermis  and  the  pith  affords  a  transition  between 
the  two  extremes  of  tension,  the  inner  cell  layers  are  compressed  like 
the  pith,  and  the  outer  layers  stretched  like  the  epidermis.  The 
tension  of  tissues  is  also  demonstrated  by  the  fact  that  eaeli  strip  of 
ji  fresh  shoot  which  has  been  split  longitudinally  will  curve  outward, 
so  that  the  ]>ith  forms  the  convex,  the  epidermis  tho  concave  side. 
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l»yers  of  tlie  tissue  oriiollow  orgnnfl,  such  au  the  stalks  ors  Llandelion  {Ta\ 
•ijicinale),  wbicli,  when  split  lonnitiidiimllj,  eiu'l  into  helices  of  nmny  tnms, 
oi|ieai»lly  if  placed  in  water.  A  tenainn  exists  wherever  reaistant  and  luiequallj 
fltruued  tissues  ore  in  contact,  and  ofteu  ODOura  in  {larts  ot  plants  where  it  docs  n«t 
HusisI,  u  iu  the  leaves  and  eteins,  in  maintaiQing  the  rigidity  of  the  jilant  body. 
Longitudinal  and  trausverse  tensions  occlir,  particularly  when,  throiigli  aecondary 
growth,  newly  fonnod  growing  tissues  have  to  owrcome  the  resistance  uf  otiKr 
tissues.  Ill  this  way  the  primary  and  then  the  seoondarj  cortex  of  trees  beconia 
greatly  stretclied  by  the  Dew  oambial  growth,  so  much  so,  that  if  a  ring  of  bark 
be  removed  fWnn  a  stem  and  then  placed  round  it,  its  t-dgcs  oannot  b«  brooght 
together  again,  even  by  the  ex]H>nditiire  of  considerable  forue,  uu  at'coimt  of  tha 
tangential  coDtractina  wliirli  liait  tskm  place. 

In  the  meristeniatic  tissues  of  growing  poiiits  there  is  scarcely  nay 
perceptible  tension,  while,  on  the  other  hand,  in  regions  which  are  in 
a  state  of  elongation  the  tension  of  the  tissues  attains  ita  highest  limit. 
After  an  organ  has  completed  its  growth  the  elasticity  of  the  cell  walls 
and  the  lurgescence  of  the  cells  decrease ;  and  the  tension  of  the 
tissues  is  therefore  also  diminished.    The  requisite  rigidity  is,  hciwevcr, 
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provided  for  by  siiecinl  ^rou[is  of  cells  with  thickeued  aud  hardened 
walla,  which  thus  constitute  a  firai  framework  for  the  other  lisBuee 
similar  to  the  bony  skeleton  of  tiie  higher  fttiimals, 

Meohanical  Tissues  (Stereome). — The  siipporting  franiowork  of 
]i|itiit3  is  provided  by  tho  tliick-walled  elements  of  the  wood,  the 
thickened  sclerenchymatoua  fibres  of  the  fundamental  tissue  and  the 
l«st,  and  more  rarely  by  groups  of  stone-cells.  Tiie  resistance  which 
these  forms  of  tissue  offer  when  the  attempt  is  made  to  cut  or  break 
them  atTords  autficient  evidence  of  their  hardness,  tenacity,  and  rigidity. 
Moreover,  IijCHU'ENDENER  has  been  able  to  determine  their  mechanical 
%'aIub  by  means  of  exact  physical  experiments  and  investiga- 
tions. According  to  such  estimates,  the  sustaining  strength  of 
Gclerenchymatuus  libres  is,  iu  general,  equal  to  the  best  wrought-iron 
or  hammered  steel,  while  at  the  same  time  their  ductiUty  ia  ten  or 
fifteen  times  as  great  as  that  of  iron.  Just  as  the  mechanical  tissues 
of  tho  internal  framework  of  plants  exhibit  the  physical  properties 
most  essential  for  their  purpose,  their  arrangement^  ns  Schwrkdrner 
showed,  will  also  be  found  equally  well  adagited  to  the  various  ends  in 
view,  according  as  tliey  may  be  required  to  withstand  the  strain  of 
flexure,  traction,  or  pressure.  To  withstand  bending,  and  to  offer  the 
Qtmost  possible  resistaniie  to  it,  a  ]>eripheral  dis])osition  of  the  rigid 
mechanical  tiasue  is  the  most  favourable. 

When  a  straight  rod  (Fig.  108)  is  bent,  the 
and  the  concave  side  contracts,  that  is,  tho 
out«r  edges  {n,  a  and  a',  a')  arc  exposed  to 
the  greatest  variations  in  length,  while. 
Dearer  the  centre  (i,  i  and  t',  i'j  the  deflec- 
tion and  consequent  variations  in  length 
are  less.  Accordingly,  if  the  anpportitig  " 
skeleton  of  a  plant  stem  be  placed  near 
the  centre  (t,  t'),  then  a  uon.'^iderable  degree 
of  curvature  is  posailde  with  but  little 
flexure  of  the  mechanical  tissue.  Nearer 
the  periphery  it  would  be  subject  to 
greater  strain,  and  so  offer  a  greater  re-  ^^^^  ^^ 
sistonce  to  the  deflecting  force.  In  erect  ^la. 
stems  and  flower-stalks,  where  rigidity  is 
an  essential  requirement,  the  mechanical 
tissue  is  situated  at  the  peripljery,  and  (si'*  nmi.).  After  mmtun  ib* 
iiflen  takes  the  form  of  projecting  ridgea  p'riDiiermiii.ion'tiii'ainiii.icBigflr! 
<Kig.  169,  !.  2),  In  roots,  and  in  many  .w^rr''^'At''tu™«ii.'i«''tiniB"ih« 
rhizomes  and  stolons,  as  they  must  push  cwnimi  iiiir«  miripuju  but  Uiui 
circuitously  between  imncdin''  obstacles,  oiii«i(oof  r]iiupn«on.;  r  iiiloDgtli- 
the  skeleton  system  is  central,  as  by  this 

arrangement  it  is  subject  to  less  deflection,  and  can  more  effectually 
lustnin  strains  ujion  its  longitudinal  einaticity  (Fig.  ]  69,  i).     Fig.  I  fi9,  3 


;  side  oloi 


pcrliihAiU  (n,  n*)  and  centnl  (1,  r) 


represents  a  trans\erBe  section  through  a  hand-like  leaf  of  Phgrmium 
terutr,  the  New  Zealand  flax,  which  may  reach  a  length  of  two  metr^a: 
it  illUHtrates  how  eucIi  a  leaf  is  strengthened  by  sclerenchymatons 


plates  and  strands.     The  mechanical  elements  of  this  leaf  afford  th* 
strongest  English  ships'  cables. 

Where,  however,  iiressiire  must  be  guarded  against  (as  in  Plum- 
stones,  and  in  Hazel  and  Walnuts),  th« 

A  ^    mechanical   resistance  is  maintained  by 

an  arching  mass  of  sclerotic  cells,  which, 
like  sclerenchymatous  fibres,  are  often 
further  strengthened  by  deposits  of 
mineral  matter, 

Htems  of  trees  which  have  to  support 
heavy  and  frequently  large  crowns,  must, 
like  pillars,  be  constructed  to  withstand 
.v,.r.r.  pressure  and  bending, 
nrinii  All  sucli  heavily  thickened,  inflexible 

■_^  '';  skeletal  elements  have  lost  their  cajiacity 
,  tor  growth,  and  cannot,  therefore,  be 
'  utilised  in  those  parts  of  plants  which 
are  in  an  actively  growing  state.  In 
such  cases  where  greater  rigidity  is  r»- 
(juired  than  can  be  maintained  by  cell 
turgiility  and  tissue  tension,  it  is  secured  by  the  development  of 
coLLENrHYliU  (p.  78).  Tiiis  tisane,  according  to  Ambroxs's  r»- 
searches,  in  addition  to  its  extreme  resistance  to  tearing,  possesses  ths 
power  of  elongating  under  the  influence  of  the  force  of  growth.     The 


rlfldlty  by  tOIdinK  and  nillNig; 
tho  nuUpmd  ot>piii  A,  to  wItTifiti 
•  pnHUn  tctlng  In  lbs  dlrMtiul 
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more  capable  it  is  of  growth  the  more  it  res})ond8  to  the  growth  in  its 
neighbourhood.  It  forms,  so  to  speak,  the  cartilaginous  tissue  of 
plants.  In  many  organs,  as  for  example  in  leaf-stalks,  collenchyma  is 
the  permanent  strengthening  tissue. 

Since,  as  has  already  been  pointed  out,  the  resistance  of  the 
mechanical  elements  to  flexure  is  greater  the  farther  they  are  removed 
from  the  centre  of  an  organ,  it  will  be  readily  seen  that,  while  a 
flattened,  outspread  organ  can  be  easily  bent,  if  it  were  folded  or  rolled 
together,  its  power  of  resisting  a  deflecting  force  would  be  increased. 
In  accordance  with  this  principle  many  leaves  become  plaited  or  rolled 
(Fig.  1 70),  and  so  acquire  a  sufficient  rigidity  without  the  assistance  of 
any  specially  developed  mechanical  tissues. 


11.  Nutrition 

By  nutrition  are  understood  all  the  processes  of  mftabolism,  or 
the  chemical  transformation  and  conversion  of  matter  carried  on 
by  plants  in  the  production  and  appropriation  of  their  food-supply. 
Without  nourishment  and  without  new  building  material  no  growth 
or  development  is  possible.  As  the  processes  of  elaboration  and 
secretion  are  continuous,  if  the  food-supply  is  not  kept  equal  to  the 
demands  made  upon  it,  the  death  of  the  organism  from  starva- 
tion must  ensue,  while  a  continuance  of  its  growth  and  further 
development  is  only  possible  when  there  is  a  surplus  of  the  elaborated 
food  material. 

The  Constituents  of  the  Plant  Body. — By  means  of  chemical 
analysis  the  constituent  substances  of  plants  have  been  accurately 
ascertained.  It  requires,  however,  no  analysis  to  realise  that  a  part, 
often  indeed  the  greater  part,  of  the  weight  of  a  plant  is  derived  from 
the  water  with  which  the  whole  plant  is  permeated.  Water  not  only 
fills  the  cavities  of  living,  fully-developed  cells,  but  it  is  also  present  in 
the  protoplasm,  cell  walls,  and  starch  grains.  By  drying  at  a  tempera- 
ture of  11 0^-1 20°  C.  all  water  may  be  expelled  from  vegetable  tissues, 
and  the  solid  matter  of  the  plant  will  alone  remain.  The  amount  of 
dried  substance  in  plants  varies  according  to  the  nature  and  variety  of 
the  plant  and  of  the  particular  organ.  In  woody  parts  it  constitutes 
up  to  50  per  cent  of  their  weight,  but  in  herbaceous  plants  amounts 
to  only  20  or  30  per  cent.  In  more  succulent  [)lant8  and  fniits  it 
makes  up  only  5-15  per  cent  of  their  total  weight ;  in  water-plants 
and  Algae,  2-5  per  cent,  while  everything  else  is  water. 

The  dried  substance  of  plants  is  combustible,  and  consists  of 
organic  compounds,  which  contain  but  little  oxygen,  and  are  converted 
by  combustion  into  simple  inorganic  compounds,  for  the  most  part 
into  carbonic  acid  and  water.  The  elements  carbon,  hydrogen,  and 
OXYGKN  form  the  chief  constituents  of  the  combustible  dried  substance. 
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Next  to  them  id  quantity  is  nitrogen,  which  ia  derived  priiicipRlly  from 
the  protoplasm.  After  combuBtion  of  the  dried  subetaiice  of  plniit« 
there  always  remaitis  an  incombustible  reaidiie,  the  ASH,  consisting  of 
the  mineral  substances  contained  in  the  plant.  As  these  mineral 
substances  undergo  transformation  during  the  pi-ocess  of  combustion, 
they  are  found  in  the  ash  in  iliffcrent  chemical  combinations  than  in 
living  plants.  From  numerous  iiTialyses  made  of  the  ash  of  a  grcal 
variety  of  plants,  it  has  been  determined  that  nearly  all  the  elements, 
even  the  less  frequent,  are  present  in  plants. 

lu  oddUinii  to  the  (bur  already  lisnied,  tlio  vleuicDtH  fuuiid  in  the  usli  of  iiluut* 
are  Hulplmr,  phos;iharuti,  clilorilic,  iodine,  bromine,  Huorine.  aeleniiim,  Icllurinlu, 
BTsenic,  antimony,  silk-ou,  tin,  titaiiiuui,  boron,  potatniam,  sodium,  litliiiuu, 
rnbidinm,  calcium,  atrontium,  bKriuiu,  msgneHiiun,  xinc,  copper,  silver,  niercnrji 
lead,  alTutiintnm.  tballiuni,  chromium,  manganese,  iron,  uoliitlt,  iitid  nickel- 
Many  of  these  elements,  indeeil,  occur  only  occusionally  and  acci- 
dentally, while  others— sulphur,  phosphorus,  clilorine,  silicon,  jtotassium, 
sodium,  calcium,  magnesium,  and  iron — are  met  with  in  almost  every 
ash.  As  might  be  inferred  from  the  irregular  occurrence  of  many  of 
tlie  elements,  they  are  not  alt  necessary  for  nutrition,  and  although 
their  occasional  presence  in  a  plant  may  sometimes  change  certain  of 
its  s|)ecial  characteristics  {thus  the  presence  of  zinc  produces  the  so- 
called  calamine  varieties,  such  as,  for  example,  ThlasjA  nljiesfrr  mr. 
ailaminarr,  Vvilit  Mm  vtir.  eahiminnria,  etc.),  they  do  not  exorcise  * 
decisive  infiueiice  upon  its  existence. 

The  Essential  Constituents  of  Plant  Food. — Chemical  analysis, 
while  enabling  us  to  determine  the  substances  present  in  plants,  diws 
not  show  how  far  they  are  essential  for  nutrition.  From  culture 
experiments,  in  which  the  plants  are  grown  iu  a  medium  of  which  the 
constituents  are  known,  and  kept  under  chemical  control,  it  has  Iwen 
ascertained  that,  in  addition  to  carbon,  hydrogen,  oxygen,  and 
nitrogen,  which  form  the  principal  part  of  the  combustible  elements 
of  the  dry  substJince  of  plonts,  sulphur,  phosphorus,  potassium, 
calcium,  magnesium,  and  iron  are  absolutely  indispensable  to  th« 
growtli  of  all  green  plants.  In  the  absence  of  even  a  single  one  of 
these  elements  no  normal  development  is  possible. 


De  of  these  L'lcmunts  are  n^uiiW  ly  the  Funifl, 
)  BUppoaed.  but  calcium,  that  is  iineutcntial.  ( 
'  '  II  of  inaat  grMH 


Areurdiug  to  Mui,ixi.'ii,  only  ni 
is  not,  howuver,  iron,  as  miglit  hi 

the  otber  hand,  the  ten  snbstsnceg  named  suffice  for  tlie 
plants  ;  but  it  is  not  to  bo  douied  th&t  uertaiu  other  sulwtaDces  a 
jilant  eoouomy  slid  of  advanUt^e  to  growth,  although  not  indispenaable.  TbiLV 
for  exam]i1e,  Buckwheat  HonriHhet  hvtUt  when  supplied  with  «  oblorlds,  and  tb« 
jiruaence  of  silica  is  advantoi^eoiia  as  uontributing  to  th«  rit^dity  of  the  tismt^l 
It  has  also  been  discovered  that  by  tlie  pnitence  ot  certAiu  atibitancec,  in 
solves  of  DO  nutritive  vnlne,  the  abeDrjition  or  actnal  nutritive  n 
(ef.    ]•.  175).      Ill  the  case  even  of   the  very    jioisonous   co]>l«'r   salU,    cTjicriMlCO 
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bu  uugUt  that  H'lic'ii  thi-y  *re  brought  into  contact  n-itL  the  leaves  (by  npi-ilik- 
l!ug  Uie  plants  with  solutiona  to  prevent  the  iurovla  of  inaecta),  they  pserciae  a 
beni^riii)  juHurDi'e  on  the  foniiation  of  clitorophyll,  ind  utcrease  aBaimilittiou, 
tnnipinilian,  and  the  leugth  of  lire. 

The  nutritive  substances  are,  naturally,  not  taken  up  by  plants  as 
elements,  but  in  the  form  of  chemical  compounds.  Carbon,  the 
essential  component  of  all  orguiiic  substances,  is  obtained  by  all  green 
plants  solely  from  the  carbonic  acid  uf  the  atmosphere,  ami  is  taken 
up  by  the  grecQ  leaves.  All  the  other  constituents  of  the  food  of 
plants  are  drawn  from  the  soil  by  the  roots.  Hyduogkn,  together  with 
OxYGKN,  is  obtained  from  water,  although  the  oxygen  is  derived  also 
from  the  atmosphere  and  from  mnny  salts  and  oxides.  NlTROCtEN  is 
taken  up  by  the  higher  plants  only  in  the  form  of  nitrates  or  ammonium 
salts.  As  the  ammonia  of  the  soil  forme<l  by  the  soil  bacteria  from 
Organic  decaying  mutter  is  tranarormed  by  the  help  of  other  so- 
called  nitrifying  bacteria  into  nitrites,  and  eventually  into  nitrates, 
only  the  nitrogen  combined  in  the  nitrates  need  be  taken  into 
eoDuderation. 

Bacterid,  as  coutrtated  with  the-  higher  plants,  are  |MrUcularly  characteriaed  liy 
tliciT  altitude  Imvni'd*  nitrogdn.  In  addition  to  the  baatcria,  which,  by  their 
sltriTjiDi;  o»i«bility,  are  of  aorviuc  to  green  ]ilanta,  tliero  are  oilier  soil  bacteria 
wliieh  wl  ttee  thx  nitrugen  of  nitrogenous  comiiounds  and  tijua  render  it  unsnrviiiti- 
able  Tor  the  uQtrition  of  green  plants.  On  the  other  hand,  other  formH  of  Iwoteria 
convert  the  free  uitrognu  of  the  air  into  compoimds  (amides !]  whioh  servH 
not  only  for  tliomsulvei,  but  also  for  the  higher  plants  as  eonveujent  nitrogenous 
ffMni  niatvrial.  This  remarkable  nitrifying  power  uf  bacteria  lias  led  to  a  life 
(■rcnenthip  (svu 111 DstH)  between  tllBm  aud  aome  of  the  higher  pUnts  (ir^vn<n<i«ii!). 
Id  KUcfa  tymbintic  rvlationa  the  bactciHa  provide  the  higher  plants  with  nitrogen  in 
sfomi  in  wlueh  it  may  bo  iissimiliit*d,  while,  iu  turn,  tbey  are  auppljed  with  the 
carbon  (omiwuiida  essential  for  their  uutritiuu  {e/.  p.  211  and  Fig.  18d). 

SL'U>lll7Hand  FBOSPHORUs  form,  likeuitrogen,  important  constituents 
of  protoplasm.  Ail  proteid  substances  contain  sulphur.  The  sulphur 
is  token  into  plants  in  the  form  of  sulpluites ;  phosphorus  in  the  form 
of  phosphates.  Potassium,  unlike  sodium,  is  essential  to  plant  life,  and 
is  presumably  active  in  the  processes  of  assimilation  and  in  the  forma- 
tion of  prutuplusm ;  it  is  introduced  into  plants  in  the  form  of  salts, 
tad  touBtitutes  3-5  per  cent  of  the  weight  of  their  dried  substance. 
MAuXKstt'M,  like  potassium,  pai'tici paling  in  the  most  important 
■yiitbelic  processes  of  plants,  is  found  in  combination  with  various 
Muds,  particularly  in  reservoirs  of  reserve  material  (in  Si'cds  to  the 
txtont  of  2  per  cent)  and  in  growing  points  (in  leaves  only  )  per  cent). 

*  CuciUM  also  is  taken  up  in  the  form  of  one  of  its  abundant  salts,  and 
in    considerable    (juantities    (2-8    per    cent).      Calcium  plays   an   im- 

•  jmrUnt  part  in  the  metabolic  processes  of  plants,  not  indeed  as  an 
actual  constituent  of  protojilosm,   but  as  a  vehicle  for  certain  other 
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essential  subetancee,  and,  through  its  capacity  to  fornt  compounds,  as  a 
means  of  Hxing  uiid  reudei'iiig  harmless  hurtful  by-products.  Iron, 
although  of  the  greatest  importance  iu 
the  formation  of  chlorophyll,  is  present 
in  plants  only  in  small  quantities. 

In  order  to  determine  the  nutritive 
value  of  difffrent  substances  the  method 
of  WATKU-CULTURK  lias  proved  jmrticu- 
larly  useful  (Fig,  171).  In  these  culture 
experiments  the  plants,  grown  either 
directly  from  the  seed  or  from  cuttings, 
are  cultivated  in  distilled  water  to 
which  have  been  added  certain  nutritive 
salts.  If  nil  the  essential  nutritive  salts 
are  present  iu  the  culture  solution, 
even  larger  plants,  such  as  Indian  Com, 
Beans,  etc.,  will  grow  to  full  strength 
and  mature  seeds  as  well  as  if  grown  in 
earth.  It  is  not  necessary  in  these  ex- 
periments to  provide  carbon  compounds 
in  t!ie  nutrient  solution,  as  plants  do 
not  derive  their  carbon  supjily  through 
their  roots,  but,  with  the  help  of  their 
leaves,  from  the  carbonic  acid  of  the 
atmosphere. 

The  young  plants  would  grow  for  a 
time  just  as  well  in  pure  distilled  water 
OS  in  the  nutrient  solution  ;  but  as  the 
supply  of  nourishment  stored   in    the 
seeds    Iiccame    exhausted,   they    would 
gradually  cease  to  grow,  and   die.     If 
one    of    the    essential    constituents    of 
*'f*™"  plant  food  be  omitted  from  the  nutrient 
i.ntriciit  solution,   although    the   young    plants 
(Aoer  would   grow  better   than   in    the   dis- 
NoBiiB,re.iii«d.)  tilled  water,   tiiey   would   in   time   be- 

come abnormally  developed.  When,  for  example,  a  plant  is  grown 
in  a  nutrient  solution  containing  all  the  essential  food  elements 
except  iron,  the  new  leaves  developed  are  no  longer  green,  but  are  of  a 
pale  yellow  colour  ;  they  are  "  CHLOHOTlc,"  and  not  in  a  condition  to 
decompose  the  carbonic  acid  of  the  atmosphere  and  nourish  the  plant. 
Upon  the  addition,  however,  of  a  mere  trace  of  iron  to  the  solution  the 
chlorolic  leaves  in  a  very  short  time  acquire  their  normal  green  colour. 


So  long  as  the  iipceaeary  n 
they  Ma  offered  to  the  plauts, 
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.^^olution  (if  not  too  conceutrated),  may  vary.  Plants  liave  the  jiower  to  take  up 
these  substances  in  very  diflerent  combinations,  and  are  able  to  absorb  them  in 
other  proportions  than  those  in  which  they  occur  in  the  soil.  In  concentrated 
nutrient  solutions  the  absorption  of  water  is  increased  ;  conversely,  in  very  dilute 
}M)lutions  it  is  the  salts  that  are  chiefly  taken  up.  The  presence  also  of  certain 
substances  often  exerts  an  active  and  generally  beneficial  influence  ujwn  the 
i-a]wicity  for  absorbing  other  substances  :  thus,  calcium  salts  increase  the  absorp- 
tion of  ]K)tassium  and  ammonium  salts.  The  folloAnng  are  the  proi)ortions  of  one 
among  the  many  nutrient  solutions  recommended  : 

Distilled  water 1000  to  1500  grams. 

Potassium  nitrate 1  '0 

Magnesium  sulphate  .....  0*5 

Calcium  sulphate        .....  O'i; 

Calcium  or  potassium  phosphate         .         .  0*5 

To  this  solution  a  trace  of  some  iron  salts  should  be  added. 


>» 
>> 
>  J 


The  solution  should  be  kept  in  the  dark  to  prevent  the  development  of  algoid 
growths,  and  occasionally  aerated  during  the  culture  experiment. 

As  a  most  important  result  of  such  culture  experiments,  it  has 
Ijeen  demonstrated  that  only  the  ten  elements  already  named  are 
necessary  for  the  growth  of  plants ;  all  other  elements,  although 
present  in  plants  in  large  quantities,  are  of  subordinate  value  to  plant 
life.  This  is  true,  for  instance,  of  sodium,  which  in  combination  with 
cilLoKiNK  actually  predominates  in  some  plants,  and  occasions  the 
characteristic  development  of  many  of  the  succulent  salt-plants ;  and 
also  of  SILICON,  which,  as  silica,  is  so  abundantly  deposited  in  the  cell 
walls  of  many  plants — Eqni^daceae^  Grasses,  Sedges,  Diatoms  (in  the  ash 
of  Wheat-straw  70  per  cent,  and  of  Equisehirene  70-97  per  cent) — 
that,  after  combustion  of  their  organic  substances,  it  remains  as  a  firm 
siliceous  skeleton,  preserving  the  structure  of  the  cell  walls.  The 
hardness  and  firmness  of  the  cell  walls  are  so  greatly  increased  by 
these  siliceous  deposits  that  some  of  the  Equisetftceae  are  even  used  for 
|)olishing  and  scouring;  while  the  margins  of  grass  blades,  from  a 
similar  dejwsition  of  silica  in  their  cell  walls,  are  often  rendered  sharp 
and  cutting.  The  silicified  cell  walls  of  Diatoms  occur  as  fossils,  and 
fonn  deposits  of  siliceous  eakth  (Kieselguhr)  in  some  geological  for- 
mations. The  value  of  the  siliceous  concretions,  termed  '*  Tabasheer," 
that  are  found  within  the  joints  of  Bamboo  has  not,  as  yet,  been 
satisfactorily  explained.  Aluminium,  although  like  silica  everywhere 
present  in  the  soil,  is  only  in  exceptional  instances  taken  up  by  plants. 
Aluminium  has  been  detected  in  the  ash  of  Lycopodiaceous  plants ; 
Ltji'ifpodinm  compUinntuin  contains  a  sufficient  cjuantity  of  acetate  of 
aluminium  to  render  the  sap  useful  as  a  mordant.  Tlie  same  salt  is 
found  also  in  Grapes.  On  the  other  hand,  although  scarcely  a  trace  of 
iodine  can  be  detected  by  an  analysis  of  sea-water,  it  is  found,  neverthe- 
less, in  large  quantities  in  sea-weeds,  so  much  so  that  at  one  time 
they  formed  the  principal  source  of  this  subsUmce. 


It  was  first  asserted  by  C.  Spkengel.  and  afterwards  emphasised 
by  LlEBiG,  that  the  mineral  salts  contained  in  plants,  and  once  sup- 
posed to  be  products  of  the  vita)  processes  of  the  plants  themselves, 
were  essential  constituents  of  plant  food.  Conclusive  proof  of  this 
important  fact  was,  however,  first  obtained  by  the  investigations  of 
WiEOMANN  and  Polstorit. 

Tlie  actual  jiruportions  of  ttie  more  itiigiortant  ash  cuiiatituvnts  of  some  well- 
knawu  jilanta  can  be  seen  fi-om  the  roUoniDg  table  of  asli  analjaia  by  Wolff.  Tlie 
table  also  sbou's  e>;actly  wliat  demands  those  [ilauts  make  u[h>d  the  soil,  that  i«, 
what  substance  they  take  away  from  it,  in  addition  to  the  niti'ateH  vhich  do 
not  a[)]icHr  in  the  asli. 

The  great  dilfevciice  brought  out  by  the  table  in  the  [>ro]>ortions  of  the  more 
important  iihuaiihoric  acid  and  of  the  hsu  essential  silica  and  lime  contained  in  Rye 
and  Pea  seeds,  mt  comiiared  with  the  amounts  of  the  same  substances  in  the  straw, 
is  worthy  of  especial  notice. 
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Plauts  which  require  a  large  amount  of  [wtassium,  such  as  the  Potato,  Grape- 
vine, and  Coflee-tree,  arc  termed  ]>otash  plants. 

lu  the  preceding  table  the  ligurestda  not  e \' press  absolutely  constant  prog wr- 
tions,  as  the  ]>erccntHge  of  the  constituents  of  the  ash  of  plants  varies  according  to 
the  clinractiT  of  the  soil ;  thus,  the  pro]>artion  of  potassium  in  Clover  varies  from 
9  to  60  per  cr-ut ;  the  proportion  of  calcium  in  Oats  fraui  4  to  38  [ler  cent. 

The  Ppocess  of  Absopption. — As  all  matter  taken  up  by  plants 
must,  as  a  nile,  pass  through  continuous  cell  walls,  it  must  be  absorbed 
in  a  liquid  or  gaseous  state.  The  only  exception  to  this  rule  occurs  in 
the  amteboid  forms  of  the  lower  plants  (Amoebae  and  Plasmodia), 
which,  as  they  have  no  cell  walls,  are  in  a  condition  to  take  up  and 
again  extrude  solid  matter  (small  animals,  living  or  dead,  also  plants 
and  particles  of  inorganic  substances). 

The  fact  that  plant  cells  are  completely  enclosed  by  continuous 
walls  renders  it  necessary  that  food,  to  pass  into  the  cell,  must  be 
either  li(|uid  or  gaseous.  In  this  condition  the  constituents  of  plant 
food  are,  however,  ini])crcej>tible,  and  thus  the  manner  of  plant  nutrition 
remained   for  a  lon:^  time  a  mystery,  and  it  was  only  during    the 
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lut  century  that  the  nature  ot  the  nouriahment  and  nutritive  processes 
of  pUnte  was  recognised. 

Plant  nourishment  is  dependent  u|ion  the  permeability  of  the  cell 
walls  to  liquids  and  gasea.  Although  impervious  to  solids,  the  cell 
M-alia  of  living  cells  are  permeated  with  "  imbibed  "  water  ;  and  to  this 
"  rUBlBlTlON'  WATEK  "  in  the  cell  walla,  together  with  the  physical  char- 
acter of  the  cell  walls  themselves,  are  due  their  flexibility,  elasticity,  and 
ductility.  The  permeability  of  cell  walls  for  imbibition  water  is  only 
pouible  within  certain  limits,  so  that  they  thus  retain  the  character 
of  solid  bodies. 

Treatt^  with  I'tirUJu  uliumiual  reAgvaU  (jvUsaiuni  liydrate,  sulphuric  aciil, 
rtc.)  cell  walls  become  swollen  and  gelatinous,  or  gtch  dissolve  into  m  thiu 
nmcilagiuoua  slime.  TUia  chiuigp  in  tlioir  character  is  due  to  an  incretMc  in  the 
•muujit  of  their  imbibition  water,  induced  by  the  action  of  the  chemicalu  ;  other- 
wise, the  water  imbibrd  by  orclinnry  cell  walls  is  limited  in  amount.  Tlie  walls 
of  woody  cells  take  U|i  by  iuibihilioii  about  one-t!iird  of  their  weight ;  the  cell  walla 
of  soRie  seeds  and  ftoits  aad  ot  many  Algne  absorb  tnauy  times  their  own  volume. 

The  cell  walls  Ami  not  oxi.v  permeable  to  pure  wateh, 
BIT  ALSO  TO  sua'iTAN'CEM  IN  SoniTlO.N.  This  fact,  that  the  cell  wall 
offers  no  resistance  to  the  diffusion  of  crystalloid  bodies  whon  in 
solution,  is  of  the  utmost  importance  to  plant  nutiitiuu ;  cell  walls, 
on  the  other  hand,  which  are  scarcely  or  not  at  all  permeable  to 
liquid;!  [cuticularised  walls),  take  no  part  in  the  absorption  of  plant 
nourishment,  except  in  so  far  as  they  may  still  be  permeable  to  gases. 

In  order  that  liquids  may  enter  by  osmosis  into  the  living  cell,  they 
most  first  pass  through  the  protoplasm,  i.e.  the  lining  of  the  cell  wall. 
LiTiNO  PROT'JPLASM  is  not,  however,  like  the  cell  walls,  e(jually  per- 
tue^ble  to  all  substances  in  solution,  but,  on  the  contrary,  COMPLETELY 

EXCLODES   CERTAIN    SriMSTANCE-S,   WHILE   ALUtWING    OTHERS   TO    PASS 

TUBODUH  MORE  OR  IJ£SS  READILY.  Moreover,  it  is  able  to  change 
its    permeability   according  to  circumstances,   and   thus  THE    OUTER 

PWOTOPI.AaMlC    MEMBRANE    HA.S   THE    POWER    OK    DECISION,  whether  a 

sabvtance  may  or  may  not  effect  an  entrance  into  the  cell.  Similarly 
the  INKER  PROTOPLAKMic  MEMBRANE  exevcises  a  similar  but  often 
qtttt«  diatinct  power  over  the  passage  of  substances  from  the  proto- 
plasm into  the  cell  sap.  The  same  determinating  power  is  exercised 
by  these  membranes  in  tiie  transfer  of  substances  in  a  reverse  directiou. 
On  account  of  the  selection  thus  exorcised  by  the  protoplasm,  it  is 
poasibte  that,  in  spite  of  continued  osmotic  pressure,  the  contents  of  a 
cell  M»  often  of  quite  u  different  chemical  nature  from  the  immediately 
■uiTonnding  metlium.  To  this  same  peculiar  quality  of  the  proto- 
|>laaraic  menibrunes  is  alai)  due  the  selective  POWER  of  cells,  manifested 
by  the  fact  that  different  cells,  or  the  roots  of  different  plants, 
appr«priat«  from  the  same  soil  entirely  different  compounds ;  so 
that,   for  inalancc,  one   plant   will   take   up   chiefly   silicn,   another 
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lime,  a  third  common  salt,  while  the  aluminium,  on  the  other  hand, 
is  rejected  alike  by  all  three.  The  action  of  sea- weeds  in  this 
respect  is  even  more  remarkable ;  living  in  a  medium  containing  3 
per  cent  of  common  salt,  and  but  little  potassium  salts,  they  nevertheless 
accumulate  much  larger  quantities  of  potassium  than  sodium.  In 
addition  they  store  up  phosphates,  nitrates,  and  iodine, — substances 
which  are  all  present  in  sea-water  in  such  small  quantities  as  scarcely 
to  be  detected  by  chemical  analysis. 

That  osmosis  may  continue  from  cell  to  cell,  it  is  essential  that 
the  absorbed  material  must  become  transformed  into  something  else, 
either  by  the  activity  of  the  protoplasm  or  by  some  other  means. 
Local  accumulations  of  sugar  or  other  soluble  reserve  material  in 
fruits,  seeds,  bulbs,  and  tubers  would  otherwise  not  be  possible ;  for 
osmotic  action,  if  undisturbed,  must  in  the  end  lead  to  the  uniform 
distribution  of  the  diffusible  substances  equally  throughout  all  the 
cells.  But  if  equilibrium  is  prevented  by  the  transformation  of  the 
diffusible  substances  into  others  that  are  indiffusible,  the  osmotic 
currents  towards  the  transforming  cells  will  continue,  and  the  altered 
and  no  Jonger  diffusible  substances  will  be  accumulated  in  them.  In 
this  manner  glucose  passing  into  the  cells  of  tubers  or  seeds  becomes 
converted  into  starch.  As  a  result  of  this  a  constant  movement  of 
new  glucose  is  maintained  towards  these  cells,  which  thus  become 
reservoirs  of  accumulated  reserve  material. 

From  the  power  of  protoplasm  to  regulate  osmotic  currents,  in  that 
by  reason  of  its  permeability  it  allows  the  osmotic  forces  to  operate, 
or,  on  the  other  hand,  may  modify  and  altogether  prevent  them,  it  is 
apparent  that  here  also,  just  as  in  the  case  of  the  rigidity  of  plants, 
osmosis,  although  a  purely  physical  phenomenon,  is  controlled  by  the 
protoplasm  and  rendered  serviceable  to  plant  life. 


Water  and  Mineral  Substances 

The  fact  that  water  is  essential  to  the  life  of  all  living  organisms  is 
so  obvious  that,  in  the  infancy  of  natural  history  and  philosophy,  from 
Thali?:s  to  Empedocles,  water  was  regarded  as  the  original  principle 
of  all  existence,  at  least  of  the  organic  world.  Even  so  late  as  the  six- 
teenth century  it  was  held  by  Van  Helmont,  the  first  to  investigate 
experimentally  the  question  of  the  nutrition  of  plants,  that  the  whole 
substance  of  plants  was  formed  of  water.  If  the  importance  of  water 
in  this  respect  was  greatly  overrated,  the  universal  necessity  of  water 
for  all  vital  processes  is  still  recognised  in  the  present  more  advanced 
stage  of  scientific  knowledge.  Without  water  there  can  be  no  life. 
The  living  portions  of  all  organisms  are  permeated  with 
WATER ;  it  is  only  when  in  this  condition  that  their  vital  processes 
can  be  carried  on.     Protoplasm,  the  real  vehicle  of  life,  is,  when  living, 
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of  a  viscous,  thinly  fluid  consistency,  and  when  freed  from  its  water 
either  dies  or  becomes  perfectly  inactive. 

The  circumstance  that  protoplasm,  when  in  a  state  of  inactivity,  as  in  s|K)re8 
and  seeds,  can  often  endure  a  certain  degree  of  desiccation  for  a  limited  time,  forms 
no  exception  to  this  rule.  During  such  periods  its  actual  vital  functions  entirely 
cease,  and  only  renew  their  activity  when  water  is  again  supplied. 

In  most  plants  desiccation  occasions  death,  and  it  is  always  to  he  regarded  as 
due  to  some  sjiecial  provision  or  exceptional  quality  when  entire  plants  or  their 
reproductive  bodies  can  be  again  brought  to  life  by  a  subsequent  supply  of  water. 
Thus,  for  example,  some  Algerian  species  of  Isoctes,  and  the  Central  American 
SelaQinella  lepidophylla,  can  withstand  droughts  of  many  months'  duration,  and 
on  the  first  rain  again  burst  into  life  and  renew  tlieir  growth.  In  like  manner 
many  Mosses,  Liverworts,  Lichens,  and  Algae  growing  on  bare  rocks,  tree-trunks, 
etc.,  seem  able  to  sustain  long  seasons  of  drought  without  injury.  Seeds  and 
xpores,  after  se]>aration  from  their  jwirent  plants,  remain  productive  for  a  long 
time  ;  seeds  of  Afinwaa,  which  had  been  kept  dry  for  over  sixty  years,  proved  as 
capable  of  germination  as  those  of  recent  growth.  A  similar  vitality  was  shown  by 
moss  H])ores  which  had  lain  in  a  herbarium  fifty  years.  Tlie  often-repeated  assertion 
concerning  the  germination  of  wheat  found  with  Egyptian  mummies  ("mummy- 
wheat  ")  has,  however,  been  shown  to  be  erroneous.  Many  seeds  lose  their  jwwer 
of  germination  after  having  been  kept  dry  for  only  a  year  ;  others,  even  after  a  few 
days  ;  and  others  again,  as  the  seeds  of  the  willow,  cannot  endure  drying  at  all.  It 
must  not  be  forgotten  that  in  all  these  instances  a  certain  amount  of  hygroscopic 
water  is  retained  by  plants  even  when  the  air  is  quite  dry.  Over  the  sulphuric 
icid  of  the  desiccator,  seeds  retain  for  weeks  6  per  cent  or  more  of  their  weight  of 
water.  The  withdrawal  of  this  hygroscoj>ieally  absorbed  water  kills  all  vegetable 
tinsues  without  exce])tion. 

Apart  from  penneating  and  energising  the  cells,  water  has  other 
and  more  varied  uses  in  plant  life.  It  is  not  only  directly  indis- 
pensable for  the  solution  and  transportation  of  the  products  of 
metabolism,  but  also  indirectly,  in  that  its  elements,  hydrogen  and 
oxygen,  are  made  use  of  in  organic  compounds  in  plant  nutrition. 
Water  thus  used  {cf,  p.  200)  may  be  designated  constitution  water. 
It  is  also  necessary  for  the  turgidity  and  consequent  rigidity  of  paren- 
chymatous cells  (p.  165) ;  it  is  of  use  in  the  process  of  the  growth  of 
plant  cells,  which  take  it  up  in  large  quantities,  and,  through  their 
consequent  expansion,  enlarge  their  volume  with  but  little  expenditure 
of  organic  substance. 

A  further  and  still  more  important  service  which  water  performs 
for  plants  consists  in  the  conveyance  and  introduction  into  the 

I'UXT  BODY  of  the    NUTRIENT  SUBSTANCES  OF  THE   SOIL.      Although 

*  large  amount  of  water  is  retained  in  the  plant  body  (up  to  96  per 
''«it  in  succulent  tissues)  for  the  maintenance  of  rigitlity  and  enlarge- 
oent  of  the  organs,  a  still  larger  quantity  of  the  water  taken  up  by 
the  roots  passes  through  the  plant  merely  as  a  medium  for  the  truns- 
jwrt  of  nourishment,  and  is  again  discharged  through  the  leaves  by 
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evaporation.  By  this  TKANSPlRATtON  from  the  aerial  part  of  plants, 
the  water  passing  into  them  from  the  roots  escapes,  and  at  the  same 
time,  by  preventing  saturation,  which  would  otherwise  l>e  prmlnced, 
tends  to  maintain  a  continuous  upward  movement  of  the  water.  Th4 
current  of  water  thus  produced  is  accordingly  termed  the  transpira- 
tion CURRENT.  As  the  result  of  evajioration  only  water,  in  the  form 
of  vapour,  and  gases  can  escape  from  the  plant    As  THE  Watbry  FLUID 

ABSORBED  BY  THE  ROOTS  L-ONTAISS  SALTS,  OXIDES,  AND  OTHER  NON- 
VOLATILK  St'BSTANCKS  IN  SOLCTION,  THESE  ON  EVAPORATION  ARE  I^EFT 
IN     THE     PLANT     AND     GRADUALLY     INCREASE     IN    QUANTITY.        This 

accumulation  of  mineral  salts  is  absolutely  necessary  for  the  plant,  for 
the  nutrient  water  taken  up  by  the  roots  is  so  weak  in  mineral 
substances  (it  contains  but  little  more  solid  matter  than  good  drinking- 
water),  that  the  plant  would  otherwise  obtain  too  tittle  food  if  it  were 
only   able  to  take  up  us  much   water  as  it  could  retain  and  maka 

All  those  contrivances  in  plants,  thehefohe,  which  render 
l-ossible  or  promote  evaporation,  operate  chrkflv  in  thk 
SERVICE  OF  NiTRiTiON.  Were  transpiration  not  in  the  highest  degree 
useful  and  even  necessary  for  tiie  acquisition  of  mineral  substancea, 
provision  would  certainly  have  been  made  by  plants  to  restrict  It 
within  the  smallest  jiossible  limits.  For  transpiration  increases  the 
amount  of  water  required  by  plants  disproportion  ally  to  their  poweri 
of  absorption,  and  exposes  them,  moreover,  to  the  danger  of  perishing 
through  the  insufficiency  of  their  water-supply. 

HerbaceoiiH  land  lAe-ttln  cvaporutp,  iu  >  fow  days,  accurding  to  the  cklcnlktiona 
of  Sa<'Hh,  more  tlian  tlmirowii  wL'ijjIit  of  water.  A  Tobacvo  iir  Sunflower  plant  wiU 
lose  by  eraiioutiau  iu  oue  daj'  &s  Diuch  as  a  litre  of  water ;  and  it  liwi  bMa 
estimated,  that  trePH  lone  iu  the  .unie  way  30-100  litres  daily. 

In  spite  of  the  increasi;d  danger  of  drying  up,  as  the  result  of 
evaporation,  special  provision  is  made  by  plants  for  facilitating  tnns- 
piration  (p.  188).  To  supply  the  increased  demands  for  wal«r  thas 
produced  there  is  set  up  a  strong  current  of  water  containing  nutritive 
salts  in  solution,  which  passes  through  the  plants,  and  after  jielding  up 
its  solid  constituents,  esca[»a  in  the  form  of  invisible  aqueous  vapOOT. 
Thus  plants,  in  order  to  obtain  their  nutrient  substances,  proceed  in 
the  same  manner  as  the  smaller  animals  (Sponges,  Ascidians),  which 
draw  in  and  mitintain  a  continual  flow  of  water  through  their  bodies 
in  order  to  retain  as  food  the  nourishing  particles  suspended  in  it. 

The  Absorption  of  Water. — "  Wmer,"  as  here  used,  it  must 
always  be  I'cmembered,  does  not  mean  chemically  pure  water,  but  mther 

a  DII-ITE  WATERY  SOLUTION  OF  VARIOUS  SUBSTANCES  IN  THE  ATMO- 
SPHERE, FROM  THE  MINERAL  SALTS  OF  THE  EARTH.  AND  PROM  ORGANIO 

ilt'MUs.      In  this  connection  it  is  also  necessary  to  emphasise  the  fact 

that    LIVING     PLANTS     DO     NOT     ABSORB    THIS    NUTRIENT    WATER    IN- 


ACTiVKLY  AND  INVOLUNTARILY,  as  a  sponge,  but  through  the  peculiar 
selective  power  of  their  cells  (p.  177)  they  exercisB  a  choice  from 
Among  the  substances  available. 

The  simpler  and  less  highly  developed  plants,  which  are  but  slightly 
diBerenliatral,  are  able  to  absorb  water  through  the  surface  of  their 
whole  body.  This  is  also  generally  true  of  all  submerged  aquatic  plants, 
even  of  the  Phanerogams.  Water-]:4ants  which  obtain  their  nourish- 
ment in  this  way  often  either  possess  no  roots  ( Uli-v^ttlimn;  Salnnia), 
or  their  roots  serve  merely  as  mechanical  hold-fasts.  With  plants 
living  on  dry  land  the  conditions  are  quite  different;  their  stems 
and  leaves  develop  in  the  air,  and  they  are  restricted  to  the  water  held 
by  capillarity  in  the  soil.  In  order  to  obtain  this  water  in  sufficient 
iinantitiea,  special  organs  are  necessary,  which  may  spread  themselves 
out  in  the  soil  in  their  search  for  water.  These  organs  must  absorb 
the  water  from  the  soil,  and  then  force  it  to  the  aerial  portions  of  the 
plant.  This  office  is  performed  for  a  land  plant  by  its  root  system, 
which,  in  addition  to  providing  the  supply  of  water,  has  also  the  task 
of  mechanically  sustAining  the  plant,  and  withstanding  all  influences 
which  could  lead  to  a  disturbance  of  erjuilibrium  by  loosening  the  hold 
of  the  plant  on  the  earth. 

CunvFrself,  loose  soil  is  caturnlly  bound  tugetlirr  hy  tlie  liranoliing  roots  ;  aiid 
up  this  ««coiuit  plants  liave  (ui  economic  value  i[i  hukliiig  togetlier  loose  earth, 
IvTticaUrly  on  dyk«s  anil  lanii  subject  to  inlindntioii. 

If  the  development  of  the  root  system  of  a  germinating  Bean  or 
Oak  l»e  observed,  it  will  be  found  that  the  growing  root  of  the  embryo 
at  once  penetrates  the  soil  and  pushes  straight  downwards.  Lateral 
roots  are  then  given  off  from  the  main  axis,  and,  growing  either 
horizontally  or  diagonally  downwards,  {>enetrate  the  earth  in  the 
neighbourhood  of  the  primary  root.  Those  lateral  secondary  roots  in 
turn  develop  other  roots,  which  radiate  in  all  directions  from  them, 
and  so  occupy  and  utilise  the  entire  soil  at  their  disposal.  The 
branching  of  the  root  system  can  proceed  in  this  manner  until,  within 
the  whole  region  occupied  by  the  roots  of  a  large  plant,  there  is  not  a 
nngle  cubic  centimetre  of  earth  which  is  not  penetrnted  and  exhausted 
by  them. 

AO  pUnbi  ilo  nut  fonii  a  lim^ii-groH-iDg  tap-root  like  tbat  of  thu  Oak,  Silver  Fir, 
Brat,  Luecme,  eb:.  ;  Mime  confine  lbuuis«1ves  to  utilising  the  superficial  layers  of 
thu  soil  by  means  of  a  thickt/'branchcii  lateral  root  syatem  (Pine,  Cereale).  Tbo 
•^mlturist  and  foruater  must,  awuniingly,  t&ke  into  oonsideratiou  tbe  mode  of 
bnnebiog  and  gp\)wtburtlu>  mots  of  a  jilant  justaa  much  as  tbe  habit  urgrontb  of 
Ito  •crial  porliolui.  nanU  whirl)  make  use  of  ditTeronl  lajem  of  eoil  may  be 
■■(eljr  cnltivateil  together  in  the  same  soil,  and  aiioceed  one  anotber  in  the  ume 
KTuond.  For  similar  reasons,  In  slitting  out  trres  along  the  borders  of  fieldn,  the 
dieirrooted  Elm  sliuuld  be  preferred  to  the  I'o]>1nr,  whose  roots  spread  out  near  the 

(iardenen  sre  in  the  habit  of  cutting  off  tbe  Uip-roi.ts  for  tbe  sake  of  ™nvem- 


encv  ill  trausplantiiig  or  for  pot  culture,  and  also  to  foreo  a  more  vigorous  derelojj- 
ment  of  tliu  lateral  rootii. 

Desert  or  xeropliiliiua  plants,  stH'ordiiiK  to  the  obxerratioiiH  of  Volkbk«,  und 
out  deeply  penetrating  roots,  whicti  only  braDi:li  profusely  on  reaching  depths 
irhere  they  Hiid  water. 

In  order  to  secure  a  etill  more  intimate  contact  with  the  particles 
-  of  the  soil,  there  are  produced  from 
the  surface  of  rootB  small,  exceed- 
ingly numerous  and  fine,  cylindri- 
cal   bodies,    which     penetrate    the 
smallest  interstices  of  the  soil,  and 
fasten  themselves  so  closely  to  ita 
I.,..  ..^— ,.,,.,. ^  .™™,.-.,M.u..T,.u^      smallest  particles  as  to  seem  actu- 
t«   t^o  .0  .    xciM.   .  ^jj^   grown   to   them    (Fig.    172). 

These  ultimate  branches  of  the  root  system, 
which  discover  the  very  smallest  quantity 
of  moisture,  and  seek  out  the  most  con- 
cealed crevices  in  their  search  for  nourish- 
ment, are  the  root-hairs  (p.  95), — delicate 
tubular  outgrowths  of  the  epidermal  cells. 
Although  they  have  the  diameter  of  only 
a  medium  -  sized  cell,  and  appear  to  the 
naked  eye  as  fine,  scarcely  visible,  glistening 
hnes,  they  often  attain  a  length  of  several 
millimetres  and  euormously  enlarge  the  ab- 
sorbing surface  of  their  parent  root.  Accord- 
ing to  F.  ScHWAKZ  the  epidermal  surface  of 
the  piliferous  zone  of  the  roots  of  Pijnim, 
which  has  'J30  root-hairs  to  the  square  milli- 
metre, is  thus  increased  twelvefold. 

The  root-hairs  do  not  cover  the  whole  ■ 
surface  of  roots,  not  even  in  the  youngest  roots, 
but  only  a  comparatively  email  zone,  a  short 
distance  above  the  growing  rooMip.  Koon  after 
they  ha\e  attained  their  greatest  length,  and 
have  come  into  the  closest  contact  with  the 
earth  ]}articleB,  they  die  oft'.  New  root-hairs  are 
developed  to  supply  their  ]ilace,  so  that  a  zone 
of  root-hairs  is  thus  constantly  maintained  just 
above  theroot-tii>;  while  beyond  this  advancing 
zone  of  hairs  the  root  epidermis  becomes  again  '' 
completely  divested  of  root-hairs  (Fig.  173). 
To  be  convinced  of  this  fact,  it  is  only  necessary 
to  carefully  pull  up  a  youug  plimtlet  growing  in 
a  loose  and  not  too  dry  soil,  as  such  a  condition 
is  especially  favourable  for  the  development  of  root-hairs.     Each  root. 
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just  above  the  tip,  will  be  found  clothed  for  a  short  distance  with  earth 
particles  held  fast  by  root-hairs,  which  thus  mark  the  zone  occupied  by 
them.  The  older  parts  of  roots,  even  in  plants  which  persist  for  many 
years,  take  no  part  in  the  process  of  absorption.  They  envelop  them- 
selves with  cork,  increase  their  conducting  elements  by  growth  in 
thickness,  and  function  exclusively  in  the  transfer  of  the  water 
absorbed  by  the  younger  portion  of  the  roots.  Even  in  the  young 
roots  the  absorption  seems  principally  confined  to  the  regions  covered 
mith  root-hairs,  or,  in  case  no  root-hairs  are  developed,  to  a  correspond- 
ing zone  of  the  root  epidermis. 

Through  the  intimate  union  of  the  youngest  roots  with  the  soil, 
they  are  able  to  withdraw  the  minute  quantity  of  water  still  adhering 
to  the  particles  of  earth,  even  after  it  appears  perfectly  dry  to  the  sight 
and  touch.  There  still  remains,  however,  a  certain  percentage  of 
water,  held  fast  in  the  soil,  which  the  roots  are  not  able  to  absorb. 
Thus,  Sachs  found  that  the  water  left  by  a  Tobacco  plant,  and  which 
it  could  not  absorb,  amounted  in  cultivated  soil  to  1 2  per  cent,  in 
loam  to  8  per  cent,  and  in  sand  to  1  i  per  cent.  The  root-hairs  seem 
to  take  up  chiefly  the  substances  held  by  the  soil  by  means  of  its 

ABSORPTIVE  POWER. 

The  absorptive  power  of  soil  depends,  partly,  upon  chemical  changes  taking 
place  within  it,  but  partly  also  on  physical  processes  (the  superficial  adhesive 
force  of  its  particles).  The  chemical  changes  are  csj)ecially  concerned  with  the 
retention  of  anmionium  and  potassium  salts,  as  well  as  phosphates  ;  the  former  as 
diflicultly  soluble  silicates  or  double  silicates,  while  phosphoric  acid  is  held  in 
combination  with  calcium  or  iron.  Magnesium  and  calcium  salts  are,  on  the 
contrary,  but  slightly  absorbed.  They  are,  like  the  chlorides,  the  nitrates,  and, 
in  part,  also  the  sulphates,  easily  displaced  ;  in  soil  treated  with  a  solution  of 
Kaiti)etre,  for  example,  the  potassium  will  remain  in  combination  in  the  soil,  while 
calcium  nitrate  passes  off  in  solution. 

Humus  acids  contribute,  to  a  certain  extent,  to  the  chemical  changes  occurring 
in  Hoil,  as  do  also  soil  bacteria,  which  {)ossess  strongly  oxidising  and  reducing  powers. 

The  absorptivity  of  the  soil,  which,  moreover,  is  not  absolute,  and  varies  with 
different  soils  (sandy  soil  absorbs  |)oorly),  operates  advantageously  for  plants  by 
the  consequent  rapid  accumulation  of  large  supplies  of  food-material  for  their 
l^radual  absorption. 

The  absorptive  power  of  soil  for  water  is  due  to  its  capacity  to  retain  water  by 
capillarity,  so  that  it  does  not  run  olf.  Of  the  soils  investigated  by  Sachs, 
cultivated  soil  retained  in  this  way  46  per  cent,  loam  52  per  cent,  and  sand  only 
21  i»er  cent  of  water. 

The  activity  of  the  roots  in  providing  nourishment  is  not  only 
manifested  in  overcoming  the  adhesive  and  absorptive  power  of  the 
soil.  The  young  roots,  and  especially  the  root-hairs,  in  addition  to 
the  carbonic  acid  exhaled  by  them,  and  which,  no  doubt,  also  aids  in 
loosening  the  soil,  excrete  a  stronger  acid,  by  means  of  which  they 
ilissolve  otherwise  insoluble  substances.  Eoots  growing  upon  a 
Ijolished  plate  of  marble  will  so  corrode  it  that  an  etched  pattern  of 
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their  course  and  direction  is  thus  obtained.  By  placing  the  roots  upon 
litmus  pa[)er,  it  may  be  demonstrated  tliat  the  cori'osion  is  due  to  ihe 
action  of  an  aL'id. 

The  nutrient  water  with  which  the  cell  walls  of  the  epidermal  cells 
and  root-hairs  first  become  permeated  is  taken  up  by  the  epidermal 
cells,  and  thence  passes  through  the  cortical  cells  and  the  endodermie 
(p.  113)  to  the  central  cylinder  of  the  root 

The  Distribution  of  the  Nutrient  Water — 1.  Root-Pbbssure. — 
The  causes  which  determine  the  direction  and  strength  of  the  movement 
of  the  water  through  the  living  cells  of  the  root-cortex  into  the  vascular 
bundles  are  not  jet  fully  understood.  The  fact  that  the  water  does 
actually  pass  into  them,  hut  at  times  indeed  is  forced  into  them  with 
a  considerable  pressure,  may  be  easily  demonstrated.  If  the  at«m  of  a 
strongly-growing  plant,  sucli  as  the  Sun- 
flower, Dahlia,  or  Indian  Com,  be  cut  off 
close  above  the  ground,  and  the  cut 
surface  dried  and  then  examined  with  a 
magnify ing-glass,  water  will,  in  a  short 
time,  be  seen  to  exude  from  the  severed 
ends  of  the  bundles.  By  close  inspection. 
it  is  also  possible  to  determine  that  tlie 
water  escapes  solely  through  the  vascular 
or  woody  portion  of  the  bundles.  When 
the  soil  is  kept  warm  and  moist  the  out- 
flow will  be  greater,  and  will  often  con- 
tinue for  several  days.  During  this  time, 
a  half-litre  or  more  of  water  will  be  dis- 
charged. This  water,  as  analysis  shows, 
is  not  pure,  but  leaves  on  evaporation 
a  residue  of  inorganic  and  organic  sub' 
stances. 

Again,  if  a  hollow  glass  tube  be  placed 
on  the  root-stump  and  tightly  fastened  by 
rubber  tubing,  the  exuded  fluid  will  be 
forced  up  the  glass  tube  to  a  considerable 
height.  How  great  the  force  of  this 
pressure  is  may  be  shown  by  attaching 
an  S  tube  to   the  stump  and  closing  it 

^  _y^J^^ft  w>t'>   mercury  (Fig.    174).     The   column 

tiis  rubber  tuung  e.  Tbii  wubsr  of  mcrcury  will  in  Bomo  cascs  be  forced 
ir  .bwrt*i  bj  lb-  toot,  from  ih.^  to  a  height  of  50  or  60,  and  under  favour- 
wll.iii  poniiwl  out  of  tbrnMBli      ,  ,  i-.-  ^       •,  nn 

ciiu>s(iiunwitha(orao  tuiiicicnc  ^"'^  conditions  to  100  or  more  centi- 
loorereuoiB  the  mi-unce  ofUif  metres,  ihus  indicating  a  root-presaure 
couBmofinerwirjrtf.  which  may  Sometimes  considerably  exceed 

one  atmosphere,  and  is  of  sufficient  power  to  raise  a  column  of  water 
6,  8,  and  13  metres  high. 


^0.174,— VlgataiueiuditlnnoI'mar 
H  the  mult  of  roat-pmHiin  tuna 
*  cnt  itcu  ol  DaUIn  rnrtnfiUln. 
Tin  anioDtlilT  cu 
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If,  iiute«tl  of  the  etTecU  of  tlie  ]ireSBure,  tlie  rolume  of  watrr  diuded  etoh  lioor 
lie  observed,  thi^  remarkable  fact  will  be  demoiistnitcd  that  the  mata  regularly 
diuliarge  more  wHter  at  certain  hours  than   at  others  (PEctoDictTV  or  Boor- 

WlicD  it  was  flhown  that  the  roots  were  uapable  of  exercising  so  great  a 
premiro,  it  van  at  Krst  believed  that  the  ascent  of  the  sap  to  the  tops  of  the 
liighent  trees  wat  due  to  root-presaiirc.  Thia,  however,  would  lie  imposaible  in 
view  of  the  following  oonsiderationa.  The  volume  of  water  supplied  by  root- 
{ireasnru  ia  not  sulfioient  to  satiafy  the  quantity  given  utT  by  evaporation.  On  the 
•'-olitrary,  by  moderately  vifi^roits  trana]]i ration,  snuh  as  takes  place  on  a  summer 
•lay,  the  root-pressure  is  of  a  negative  character.  Thus,  if  an  actively  evaporating 
pUlit  be  cnt  off  Dear  the  root,  no  outflow  of  water  will  takv  place.  On  the  other 
hMH).  the  stump  will  eoergetically  draw  in  water  enpiilied  to  it ;  and  not  until  it 
baa  beconie  satursted  docs  the  force  of  the  root-pressure  make  itself  apjiarent.  In 
fJanla  growing  under  natural  conditions,  the  root- pressure  is  only  etfective  ou 
•lamp,  eaol  days,  or  at  nights,  when  the  transpiration  is  greatly  diminished.  In 
■ivin;;,  when  the  roots  are  lieginning  their  activity,  the  cooditiona  are  most  favour- 
abl*,  th«  wood  is  full  of  water,  and  the  transpiring  leaves  are  not  yet  unfolded. 
When  the  wood  is  injured,  "sap"  is  exuded  in  drnpu  from  the  vessels  and  tniuheids. 

The  BO-called  blkkding  from  wounds  or  cut  etems  is  chiefly  due 
to  root-pressiu'e,  but  it  is  niso  augroenled  \>y  the  pressure  exerted  by 
the  living   cells   of   the   wood   (wood    parenchyma,   medullary   mys). 

The  OL'T-FLOWING  SAP  OtTEN  CONTAINS,  IN  ABDITION  TO  NUMEROUS 
MALT8,  CONSIDEKABLK  QUANTITIES  OF  ORGANIC  SUBSTANCES    (dissolved 

ftlbaminoua  matter,  asparagiii,  acids,  and  eepecially-  carbohydrates). 

The  anioant  of  aaeeharine  matter  in  the  sap  of  some  plants  is  so  great  that 
ao^ar  may  b«  (irofitahly  derived  from  it.  The  sap  of  the  North  American  sugu 
nuipl*,  for  example,  contains  ftvm  2  lit  3  per  cent  of  sugar,  and  a  single  tree  will 
yield  3-9  kiloa.  The  sap  of  certain  plants  is  also  fermented  and  used  as  an 
intorioating  drink  (palm  wine,  pulque,  a  Mexican  beverage  made  from  the  sap  of 
the  A|f!*v«,  etc.) 

Thfl  bleeding  which  takes  place  on  warm,  sunny  winter  days  from  wounds  or 
■nringa  in  treca  is  not  due  to  root -pressure,  Init  to  purely  physical  caiiBeu.  It  ia 
liroufht  about  by  the  expansion  of  the  air-bubbles  in  the  tracheal  elements  of  the 
wood,  and  nuty  be  artificially  produced  at  any  time  in  winter  by  warming  a  Oeshly- 
ent  piece  of  wood ;  when  tlie  wood  is  allowed  to  cool,  the  air  contracts  and  the 
water  In  contwit  with  the  cut  surface  will  be  again  absorbed. 

11.  The  WATEK-t-oNDUcTiON  IN  PLANTS. — lu  living  jilant-tissuea 
the  cells  of  which  require  more  or  less  water  for  their  growth,  for  the 
maintenance  or  augmentation  of  their  turgidity,  and  to  supply  the 
wat«r  lost  by  transpiration,  there  is  a  constant  transfer  of  water 
from  ono  cell  to  another.  This  transfer  between  the  adjacent  cells 
takes  place  much  too  slowly  to  equalise  the  great  amount  of  water 
lost  by  evBi>oration  from  the  foliage  of  a  tall  troe.      In   oKUElt  To 

TBAMHFKR  THE  WATER,  QUICKLY  AND  IN  LARGER  QUANTITIES,  FROM 
Tint  ROOTS  TO  THE  LEAVES,  I'LANTS  MAKE  USE,  NOT  OF  THB  LIVING 
rARKSCHySIA,     BUT      OF     THE      WOODY      PORTION     OF    THE    VASCULAR 


BUNDLES.  The  woody  elements  which  thus  conduct  iho  water  have 
no  protoplasm ;  they  are  to  be  regarded  as  dead  cells,  in  which  the 
last  office  of  the  protoplasm  was 
to  give  the  walls  their  peculiar 
structure. 

III.  Thk  Transpiration  Cur- 
rent.— It  has  long  been  known 
that  the  ascending  transpiration 
current  in  woody  plants,  which  is 
directed  to  the  points  of  greatest 
consumption,  flows  solely  through 
the  wood.  It  had  been  observed 
that  plants  from  which  portions 
of  the  cortex  had  been  removed, 
either  purposely  or  accidentally, 
remained  nevertheless  perfectly 
fresh.  The  adjoining  figure,  taken 
from  one  of  the  first  books  in 
which  the  vital  processes  in  plants 
were  accurately  described  (Essays 
ON  VKGirrABLE  Statics,  by 
Stephen  Hales,  1727),  shows  the 
method  employed  in  proving  this 
fact  experimentally  (Fig.  175). 
At  Z  in  the  branch  b  all  the 
^,1^  tissues  external  to  the  slender 
lai  wood  have  been  removed.  Since 
'^^  the  leaves  of  this  branch  remain 
J '."  as  fresh  as  those  of  the  branch  c, 
thf  it  is  evident  that  the  transpirs- 
iiiu»uatioii  ill  h*l™  Vujriibic  ."(a/iM,  jj^^  current  must  pass  through 
the  wood  and  not  through  the 
cortical  tissues.  On  the  other  hand,  when  a  short  length  of  the  wood 
is  removed  from  a  stem,  without  at  the  same  time  unduly  destroying 
the  continuity  of  the  bark,  the  leaves  above  the  point  of  removal  will 
droop  as  quickly  as  on  a  twig  cut  off  from  the  stem.  It  has  also 
been  shown  by  experiment  that  in  herbaceous  plants  the  vascular 
portions  of  the  bundles  provide  for  the  conduction  of  the  ascending 
currents. 

As  Sachs  dBmoiiatrated  bj'  aiiectroscopioal  anftlysin,  »  dilute  solution  of  lithium 
nitmte  takeo  up  by  a.n  iiniitjurcd  |>Uiit  first  ascdlids  in  the  wood  before  it  |>uii0a 
ktEmlly  into  tbe  otlier  tissui>s.  By  means  of  the  8ame  solution,  Pfitzeh  sod 
Sa<'I1s  detcnuincd  tlie  velocity  of  the  movement  of  the  transpiration  curreot.  whieh 
naturally  varies  according  to  the  [ilant  and  the  efTect  of  external  conditions  upon 
tranapiration ;  under  favourable  ciroumstanceH  it  attains  a  rate  of  1-2  metres 
an  hour.     This  method  of  showing  the  eieluaive  share  of  the  wood  in  the  cou- 


ot  Cbs  up  in  the  iruol.  Allligug 
has  Iwen  entirely  removed  nt  If,  m 
alone  left,  Uie  leaves  of  the  lirm 
u  fr»h  u  ChOH  oil  the  uninjnn 
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dnction  of  tho  water,  and,  also,  of  determining  the  maximum  velocity  of  the 
transpiration  current,  from  obserirations  based  on  the  path  and  rate  of  movement 
of  a  coloured  solution  taken  up  by  a  plant,  is  not  free  from  objection ;  for  the 
colouring  matter  would  not  pass  through  the  stem  at  the  same  rate  as  the  water 
in  which  it  is  dissolved,  but  would  be  drawn  out  and  held  back  by  the  cells.  The 
employment  of  coloured  solutions  will,  however,  be  found  instructive  for  merely 
showing  the  course  of  the  transpiration  current.  The  transparent  stems  of  the 
Balsam,  ImpcUiens  parviflora^  and  the  white  floral  leaves  of  Lilies,  Camellias, 
Mock  Orange,  etc.,  in  which  the  coloured  vascular  system  will  stand  out  as  a  fine 
network,  are  especially  adapted  for  such  an  experiment. 

In  water-plants  and  succulents,  in  which  little  or  no  transpiration 
takes  place,  the  xylem  is  correspondingly  feebly  developed.  In  land 
plants,  on  the  other  hand,  and  especially  in  trees  with  abundant 
foliage,  the  wood  attains  a  much  greater  development.  All  the  wood, 
however,  of  a  larger  stem  does  not  take  part  in  the  task  of  water- 
conduction,  but  only  the  younger,  outer  rings.  Where  there  is  a 
distinction  between  heart-  and  sap-wood,  under  no  conditions  does  the 
heart -wood  take  part  in  the  conduction  of  the  water,  which  is 
transferred  exclusively  by  the  younger  rings  of  the  sap-wood. 

The  character  of  the  forces  which  cause  the  ascent  of  the  trans- 
piration currents  is  still  unexplained.  Transpiration  itself  only  makes 
a  place  for  the  inflowing  water ;  it  does  not  furnish  the  force  which  is 
necessary  to  rapidly  convey  a  large  volume  of  water  for  a  considerable 
distance  through  the  wood.  Every  operation  by  which  work  is 
accomplished  implies  a  corresponding  expenditure  of  force ;  and  the 
force  which  is  capable  of  raising  great  masses  of  water  to  the  tops 
of  a  tall  Poplar  or  of  a  Eucalyptus  150  m.  high,  must  be  consider- 
able. But,  as  yet,  all  efforts  to  determine  the  nature  of  this  force  have 
been  fruitless,  and  all  previous  suppositions  have  been  shown  to  be 
untenable. 

It  has  been  already  explained  that  the  Kooi-puRssruE  cannot  exert  such  a 
force  during  transpiration  (p.  184). 

Osmotic  forces  act  too  slowly  to  be  of  any  value,  and,  moreover,  there  is  no 
fixed  distribution  of  osmotic  substances  that  would  account  for  such  a  current. 

The  transpiration  current  cannot  be  due  to  capillarity.  In  the  first  place,  con- 
tinuous capillaries  are  entirely  wanting  in  some  plants  (the  Conifers,  for  example), 
and  in  tho  stems  of  others  they  are  only  present  for  comparatively  short  distances. 
Secondly,  the  concave  menisci  in  the  elements  of  the  wood  arc  not  in  relation  with 
any  level  or  convex  surface  of  water,  in  which  case  alone  they  could  have 
effect.  Thirdly,  the  height  to  which  liquids  can  rise  by  capillary  attraction,  and 
it  would  be  less  in  the  vessels  and  tracheids  than  in  a  glass  tube,  does  not  approach 
the  height  of  an  ordinary  tree  ;  and,  finally,  the  rate  of  ascent  induced  by 
capillarity  decreases  so  greatly  with  the  increasing  height  of  the  fluid,  that  so 
copious  a  flow  of  water  as  occurs  in  plants  would  be  impossible. 

Atmospheric  pressure  has,  also,  been  shown  not  to  be  the  cause  of  the  trans- 
piration current.  It  is  true  that  the  vessels  and  tracheids  of  vigorously  transpiring 
plants  contain  rarefied  air  between  the  short  columns  of  water.  This  is  evident 
from  the  way  in  which  stems  cut  under  mercury  become  penetrated  by  it.     But 


1  pluils  are  all  compleCtily  shut 
apherc,  the  extorusl  atniosplicric  presBure  could  have  no  eflWt.  The  rarvftrd  >ir 
within  the  plotitH,  momiver,  shows  uo  such  rvguhuitj  iu  itn  distribution  that  it 
could  posiubly  give  rise  to  ho  eoudnuous  a  flow  of  water,  Fiulber.  as  the 
atmospheric  pressnrt  can  onl;  sustain  the  weight  of  a  coloinn  of  water  10  m.  high, 
while  the  sap  of  a  Begonia  ascenda  60-100  m.,  the  luadoqiiacy  of  the  atmospheric 
presBore  to  give  rise  to  such  a  moTcment  must  be  admitted. 

The  supposition  that  the  water  ascends  in  Ilie  form  of  vajiour  through  the 
cavities  of  the  wood,  and  is  oClerwardu  condensed  in  the  leaves,  is  untenable,  a*  ia 
at  once  obvious  from  a  considuration  of  thu  anatomical  structure  of  the  wood,  the 
interruption  of  its  cavities  by  short  columns  of  water,  and  the  temperature 
of  the  plants  themsclvea.  And,  moreover,  the  specisl  task  of  the  transpiration 
current,  to  transfer  the  nutrient  salts,  could  nut  he  oocomplished  if  such  a  supposi- 
tion wpra  true. 

It  has  also  been  suggested  that  all  uf  these  proeessee  might  be  aided  by  ran 
co-opEiiATioK  OF  THK  LiTiNG  I'ELLH  which  are  SO  abuudaiit  throughout  the  wood, 
and  whiuh  have  comiuaud  of  active  osmotic  forces,  to  the  service  of  which  they 
could  unite  a  regulative  irritability.  Later  iavestigations,  however,  have  ahovn 
that  (loisomius  solutions,  which  would  at  once  kill  all  living  protoplasm,  are 
regularly  transported,  in  great  quantities,  to  the  summits  of  the  lolliest  Oaks 
and  Firs.  Thus  the  auppositiou  that  the  living  elements  in  any  way  co-o[ierate 
in  the  aseeut  of  the  traniipiratlon  current  is  absolutely  precluded. 

The  view  most  generally  uccepted  at  the  present  time,  that  TBS 

TRANSPIRATION    CURRENT   ASCENDS    IN    TBE    CAVITIES    OF    THE    WOOD 

THROUGH  THE  VESSELS  AND  TRACHEIDS,  seemg  to  be  Supported  by 
observation  as  well  as  by  the  structural  features  of  the  wood,  but 
leaves  the  question  as  to  the  cause  of  the  movement  still  un&nswered. 

SiLHB,  in  his  TBEORY  OF  IMBIBITION,  sought  to  solve  the  {itnbleui  by 

WA],l^,  and  that  the  upward  movement  was  due  to  the  force  of  molecular  attrac 
tioD,  and  to  the  disturbance  of  the  equilibrium  existing  between  the  water  and 
the  substance  of  the  cell  walls. 

Id  more  recent  attempts  to  account  for  the  asceut  of  the  sap,  the  direct  Inmifer 
to  the  Tout  cells  of  the  force  of  auction  arisiug  from  the  transpiring  green  leaves, 
has  been  regarded  as  resulting  from  the  internal  cohesion  of  the  water  itself.  On 
such  a  supposition,  however,  no  evidence  is  furnished  that  the  suction  vtonld,  iu 
itself,  be  sufficient  to  induce  a  movement  like  tUat  of  the  transpiration  current. 

The  Oivlng-oir  of  Water. — The  requisite  amount  and  easentjul 
concentration  of  the  nutrient  water  supplied  by  the  transpiration 
current  are  maintained  only  by  the  constant  discharge  of  the  accumu- 
»  lating  water.  This  may  occur  in  two  ways,  either  more  profusely  by 
the  evaporation  of  the  water  through  the  cell  walls  in  the  form  of 
vapour — that  is,  by  transpiration— or  less  copiously  and  also  less  fre- 
quently by  the  actual  exudation  of  drops  of  water. 

I.  Transpiration.  ^In  their  outer  covering  of  cork,  cuticle,  and 
wax,  plants  possess  a  protection  from  a  too  rapid  loss  of  water.  A 
Pumpkin,  with  its  thick  cuticle  and  outer  coating  of  w&x,  even  after  it 


has  been  separated  from  its  parent  plant  for  months,  isufiers  no  great 
loss  of  irator.  A  potato  is  similarly  protected  by  a  thin  laj'er  of 
cork  from  loss  of  water  through  evaporation.  The  green  organs  of 
plants,  on  the  other  hand,  aa  tliey  are  active  in  the  processes  of  nutri- 
tion, and  must  be  able  to  get  rid  of  their  surplus  water  in  order  to 
secure  the  proper  concentration  of  their  nutrient  salts,  make  little  use 
of  such  protective  coverings.  On  the  contrary,  they  are  provided  with 
special  contrivances  for  promoting  evaporation.  The  cell  walls  of  all 
living  organs  are  saturated  with  water,  and,  when  the  cuticle  of  the 
epidermis  is  not  too  strongly  developed,  water  is  constantly  eva|K>r- 
ated,  even  from  uninjured  cells,  in  amounts  varying  with  the  area  of 
the  exposed  surfaces.     From  this  point  of  view,  it  will  be  seen  that 

THE  FI.AT  EXPANSION  HF  FOLIAliE  LEAVES  RENDERS  THEM    ADMtK.\BLY 

ADAPTKn  Fu)i  THE  WORK  OF  TRANSPIRATION.  Evaporation  is  also 
promoted  by  the  numerous  eTOJlATA  (air-Puhks)  which  penetrate  the 
epidermis,  and  which  give  the  air,  saturated  with  watery  vapour,  an 
opportunity  to  escape  from  the  intercellular  spaces.  Although  the 
stomata  are  so  small  that  neither  dust  nor  water  can  pass  through 
them  into  the  plant,  they  are  usually  present  in  such  enormous 
■lumbers  (p.  94)  that  their  united  action  compensates  for  their  minute- 
ness. When  it  is  taken  into  consideration  that  a  medium-sized 
cabbage  leaf  (Brofsira  olerarea)  is  provided  with  about  eleven  million, 
and  a  Sunflower  leaf  with  about  thirteen  million  air-pores,  it  is  possible 
to  estimate  how  greatly  evaporation  must  be  promoted  by  these  fine 
sieve-like  perforations  of  ibe  epidermis. 

The  stomata  also  afford  plants  a  means  of  RECVLATING  EVAPORA- 
TION. The  pores,  which  are  the  mouths  of  intercellular  spaces,  are 
surroundeti  by  ct'ARti-CELlJi.  As  the  term  guard-cell  suggests,  these 
L-ells  have  the  power  of  closing  the  pore.    TllK  CLOSING  AND  Ol-ENINU  OF 

THE  UTOMATA  ARE  ACCOMPUSHEB  THROUCH  A  CHANGE  IN  THK  TfRcrDlTY 

IN  THE  lii'ARD-CELLS,  In  consequence  of  their  peculiar  wall  tliichen- 
ings,  elasticity,  and  lateral  attachment,  a  change  of  turgidity  alTecte  the 
size  and  shape  of  the  guard-cells  in  such  a  way  that,  by  diminished 
Uirgidily,  they  become  flatter  and  close  the  air-jMissage,  while  an 
increase  of  turgidity  has  the  contrary  eflect  and  opens  them  (Figs. 
176,  177). 

In  ninny  iiUhIb  the  (O-nlled  vxt-ssory  cells  (p.  9i}  partiajpkte  in  various  wayn 
and  dogrnca  in  tbsH  |>raaesBN,  de{wDding  u^kiii  tlie  bjmicUI  itnicturc  of  the  whole 
apjMntu*.  Ths  niwiliug  and  cloaing  of  tin:  utomata  may  be  effected  by  citlier 
external  or  iut«raal  stimuli  :  but  auoh  stinnili  afTocC  difforcut  plants  in  a  different 
Buuiner.  Generally  siioaking,  th<?  stuinata  begiu  tu  clus«  on  the  diminution  of  the 
water- 111 fiply  :  Ihej  ujieu,  on  the  other  hand,  when  active  trausjiiratiou  U  advau- 
togniUK  (in  light,  in  motet  air.  etc.).  The  quantity  and  igualily  uf  tbu  eub- 
iiUiu:*>>  held  in  wtlntion  in  the  nutrient  water  react  in  a  remarkable 
upon  the  BtomalA.  The  «iiie  of  their  u[ieaiBg  is  decreased,  and  the  quantity 
of  watra  eTS]K)nited  i>  therefore  lessened  when  more  than   tlie  iiKual 


Dutricnt  wits  is  preaeut  iu  the  tnus)iiratioi)  cuirent ;  as  in  th&t  cue  if,  through 
ouDtiDued  era|>oration,  tlie  nutrient  n'ster  should  become  too  eoucentnted,  it 
might  act  dixastrouslj'  upon  the  {ilant.  Alk&lies  usually  tend  to  increue  turgidjty, 
while  acids  diminish  it. 

It  has  already  been  pointed  out,  in  describing  the  morphology  of 


the  stomata,  that  they  are  chiefly  to  be  found  on  the  surfaces  of  the 
leaves.    The  leaves  are  accordingly  to  be  considered  as  special 
ORGANS   of   transpiration    (and   assimila- 
tion,  ]).  196).      This  is  also   evident  from 
the  manner  in  which  the  vascular  bundles 
branch  after  entering  the  leaves.     As  a  large 
water-main  divides  into  a  network  of  smaller 
pil)es  where  the  consumption  of  the  water 
takes  place,  so  a  leaf-trace  bundle,  after  its 
long  and  uninterrupted  course  through  the 
stem,  suddenly  branches  as  soon  as  it  enters 
the   kaf-blade.      Tlie    adjoining    illustration 
(Fig.   17(i),  showing  the  nervature   or   dis- 
Fici  1T7  -st.ii.u  '.f »   KTiaiiiii-   '"hution    of    the    vascular     bundles    in    a 
i<vir'.',r  0'<ii-«i''  "'n.rioiiii.   >,    Crataegus  leaf,  will  convey  some  idea  of  the 
G-uni-cL-ii  HiUi  iiiiiitiii>iif<i  extensive  branching  which  the  bundles  of  a 
tiie'-iii'^' ti)«iirii*  111- mti'in"    ''^'^   undergo,    especially  when  it   is    taken 
Ktniiiiii :  X.  tuntnwiit  i;iuini-   into    consideration    that    only    the    macro- 
.vii  Kiti.  c.ifiw  im^mi  wuu.  gcopic   and   none  of   the   finer  microscopic 
(Aii-rTr!iTOKB.>"  '™™'''*'  '■   branchings   are   represented   in   the   figure. 
By    means    of    this    conducting    system,    a 
copious   supply  of  nutrient   water   can   be   delivered   directly  from 
the  roots  to  every  square  millimetre  of  the  leaf.      There  is,  how- 
ever, ;i  si)ucia[  reason  why  tlio   leaves  are   so  abundantly  supplied. 
They  are  the   actual   lal>oratories    of    plants,   in    which,    out    of   the 
carbonic  acid  of  the  atmosphere  and  the  water,  and  nutrient  salts  of 
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the  Boil.  ihe  organic  building  material  of  the  plant-body  is  produced. 
For  similar  reasons,  it  is  in  llie  leai'es  that  the  brond  expansions  of  tissue 
for  the  special  promotion 
vf  transpiration  are  found. 
The  amount  of  water  actu- 
ally evaporated  from  the 
leaf  surfaces  in  the  per- 
formance of  their  lilal 
fimctions  is  almoat  in 
credible,  Kor  instance,  i 
strong  Sunflower  plant,  I'l 
>l>oUt  the  height  of  a.  man. 
evapomtae  in  a  warm  ihi} 
over  a  litre  of  water.  Ir 
has  been  estimated  tluit 
an  acre  of  cabbage  plant- 
will  give  off  two  millioji 
litres  of  water  in  four 
months,  and  an  acre  of  "^ 
hops  three  to  four  milliona.  \  ' 

The  (|Uaiitity  of  water  daily  v ' 

required   to  maintain    the 
water-supply  of  a   single  > 

large     tree,    amounts     to  '■■^ 

many   litres.      The  water  ■• 

evaporated     in     the    five 
months      from     June     to 
November    from   un    Oak 
Btjuiding  perfectly  free  and 
a[>art,    and    having    about 
7lPO,000  leaves,  has  been   Km.  ns—Counn  ot  Ow 
eatimatedat  111,223  kilo-      i«'«tc™*vff"«-   (Frc,u.i,.„.toH™p(,;  n.tn™irt«.) 
grams.    According  to  Dietkich,  for  every  gramme  of  dry,  solid  matter 
produced,  there  i«,  on  the  average,  250-400  grams  of  water  evaporated. 


EXFKRtXRSTAI,  liBM'iSBTRAnoN  OP  TiiASBi'i HATION.— Tlie  BTsporition  froiu 
plants,  itlthough  imperceptible  to  dimit  olmervktioD.  may  be  easily  demoiutral«d, 
uid  its  amount  deteruini'd  by  the  help  of  a  few  aiai|)lo  appliances.  Ono  method  or 
'loing  thin  i*  to  weigh  a.  pUat  before  and  after  a  jieriod  of  vigorous  OYa])orstioD,  and 
ttiui  dalcnninc  the  amount  at  water  actually  lout.  Or,  if  the  water  evaporated  by  a 
[dant  pUpcd  under  an  aJr-Uglit  bell-jar  be  absorbed  by  calcium  chloride  or  dodchh- 
Iratnl  ■ulphurio  acid,  it  will  only  bo  nc-ceBsncy  to  dctcnninD  tbe  increase  in  weight 
■•(  lli«  aliMirbiiig  subitance  to  estimate  the  amonut  of  water  given  olf  by  i-vaponi- 
tion.  TIte  amount  of  water  taken  up  by  a  plant  may  also  be  shown  by  bo 
uranging  the  extvriment  that  the  water  pauses  in  through  a  narrow  tube,  as  Clieo 
*r»ti  a  mall  cunsnniptton  of  water  will  be  quickly  indicat^id  by  the  rapid  lowering 
■r  Ui<  wahir-levei,  wliich  will  be  the  more  rapid  the  smaller  the  bore  of  the  tube. 


The  impoitant  port  Ukan  by  tlie  stomatii  in  the  process  ot  tmtupintiaii  may  b« 
easily  shown,  sccording  to  Stahl,  bj  means  of  the  oobalt  reactioii,  or  tlie  ohange  in 
colour  of  dark-blue  dry  oobalt  chloride  to  light  rose  upon  abwrption  of  nutet. 
making  tbis  experimeiit  a  leaf  plsued  between  strips  of  paper  which  have  t>c«ii 
previously  saturated  with  this  cobalt  salt  aud  then  thoroughly  dried,  is  laid  between 
glass  plates.  The  p*per  on  tlie  niile  of  the  leaf  most  abundantly  supplied  n-ith 
stomntn  will  then  first  change  its  colt 
and  that  too  the  more  rapidly  thr  m 
widely  open  are  the  atomala.  The  cobalt 
reaction  can  thus  also  be  utiliae<l  to  deter- 
mine nny  variation  in  the  size  of  the  open- 
ings of  the  stomata. 

It  ii  evident  from  thtisB  and  similar  pi- 
periments  tliat  more  water  is  ev*]Niratcd  in 
a  given  time  from  some  plants  than  from 
otbi'rs.     These  variations  are  due  to  dilfvr- 


unifom 


thu  area  uf  th«  eva]>orating  surface* 
itriicturol  pecaliarities  (the  nomber 
of  thi>  stomata,  presence  of  a  cuticle, 
hsiry  covering,  etc.).     Bnt  evei 
i  shoot  transpiration  is  not  alwayi 
.     This  U  attribuUklc  to  the  fact 
that,  botli  from  intvrnal  and  external  caosn^ 
not  only  the  size  of  thu   openings   of  the 
stomata  varies,  but  also  tliat  transpiratiaa, 
just  as  evaporation  from  a  aurface  of  wa' 
i>4    dependent    upon   external    conditiouo. 
Heat,  as  weU  as  the  dryness  and  mot' 
oftlie  air,  increases  tranHfnntion  for  pnrctjr 
pbyainal  reasons  ;  while  light,   far  phyai»- 
logical  reasons,  also  promotes  it. 

From  both  physical  and  physiological 
causes,  transpiration  is  much  more  vigoroiu 
during  the  day  than  night.  PUnb  like 
Iiiipalifns  paroiflora,  which  droop  on  wi 
[lays,  become  fresh  again  at  the  first  approacli 
of  night. 

SrcTioN  IN  Tkanspibiso  Sbootb.— . 
slioot,  the  cut  i>nd  of  which  is  placed  i 
water,  shows  by  remaining  freeh  that  it 
must  be  able  to  draw  up  water  to  it* 
treniB  tips.  Thu  force  of  suction  exrrtcd 
iDot,  by  such  a  transpiring  foliage  shoot  may  bs 
'  ■'■■"  demonBtcal«d,  by  fitting  the  cnt  end  i: 
^j  long  glass  tube  tilled  with  water  in  auoli  • 
aij  U  dnon  manner  that  It  aliaU  be  air-tight.  Thus 
[Ion  suited  hy  arranged,  the  shoot  will  be  able  to  sual 
Fruiu  DrruiBs  ,mj  ^gg  „  column  of  water  2  metres  Ugh. 
If  ths  lower  end  of  the  tube  be  inserlrd 
mercury,  as  ^liown  in  the  adjoining  figure  (Fig.  179),  it  will  be  found  that 
m  the  heavy  meniory  will  bo  lifted  by  the  transpiring  shoot  to  a  cousic' 


wlUi  the  lowar  end  Jn 


up  thfl  tabo  by 
Ui«  tnniiiiLneg  i 
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able  height.  Vjgorouit  cniiirvrous  fllioots  ftbaorb  watBr  tlirongh  tlic  cut  eud 
with  a  lorap  of  suutian  equal  to  uiie  atmosphere,  and  are  thus  ahle  to  raise  the 
■ncmiry  tii  ■  hviglit  aiunl  to  tbs  barometriu  pressure  (760  nun.).  The  comjilete 
mlitaion  of  thp  external  ntmosphere  is  absolutHly  requidte  for  the  existcuiM!  of 
inch  B  laotton- force ,  a  condition  actually  fulfilled  in  the  waleT'CouracH  orjiUuts. 

II.  Exudation  cif  Watkr. — Tlje  discharge  of  water  in  a  liquid 
state  by  direct  exudation  ie  not  of  bo  frt?ijuent  occmrence  as  its  loss 
by  evaporation  in  the  form  of  vapour. 
I^rly  in  the  morning,  after  a  damp  night, 
drops  of  water  may  often  lie  found  on 
the  young  leaves  of  ludian  Corn,  and 
also  on  the  loaves  of  Alclumilla  and  the 
Garden  Nii4uTtiiim.  These  drops  gradn- 
ally  ini-i'ease  in  size  until  they  Knally 
fall  off  and  are  again  rL'placed  by  smaller 
drops.  These  are  not  dew-drops,  although 
they  are  often  mistaken  for  them ;  on 
the  contrary,  these  drops  of  water  exude 
from  the  leaves  themselves.  Tliey  are 
discharged  near  the  apex  of  the  leaves 
uf  the  Indian  Com,  but  in  the  case  of 
Alrhcmillu  from  every  leaf-tooth,  and  of 
the  Nasttirtivm  from  tlie  ends  of  the 
Beven  main  nerves  (Fig.  180).  The  f'"- 
drops    disappear  as    the    sun    becomes  iiiaii*roij™pu™iBK™uoui. 

higher  and  the  air  warmer  and  relatively  drier,  but  can  be  produced 
ariilicially  if  a  glass  bell-jar  be  placed  over  the  plant,  or  the 
vi-aporntion  in  any  way  diminished.  Whenever  plants  become 
overcharged  with  water  through  the  activity  of  the  roots,  it  is 
discharged  in  drops.  These  are  pressed  out  of  special  water-pores 
(pL  95),  and  sometimes  even  from  the  etomata  and  clefts  in  the 
epidermis;  while  in  Hul'ini  they  have  even  been  observed  to  exude 
directly  through  the  walls  of  the  epidermis.  It  is  possible  to  cause 
similar  exudations  of  water  by  forcibly  injecting  water  into  a  cut 
aboot 

Sach  eiudatioua  of  water  are  iMrtioiilorly  ap|uirent  on  inanj  Aroids,  and  drops 
of  >«ter  may  often  be  seen  to  fall  within  short  Intervals,  sometimaB  every  avcoud, 
from  the  tips  of  the  large  leaves.  From  the  leaves  of  a  speEleg  of  Coloatsia  the 
(•■tided  drops  of  water  are  even  discharged  a  abort  distance.  In  SprUModea,  a 
tTDpioat  mfmbcr  of  the  Siff^aniaeear,  the  epaoe  enoloaeil  by  the  calyi,  iu  which  the 
jtoun^  floral  organs  are  developed,  i»  Hlled  with  water.  Again,  in  nnicelliilar 
I'JMiU.  especially  eome  of  the  Fungi  {.Vucor,  Pilobalm,  Phf/tomyctt),  the  cojiious 
«xudatJoii  of  water  is  Very  evident.  The  water  in  tliii  cooo  is  preaseil  directly 
llirongli  the  cell  n-alU. 

The  organs  for  the  discharge  of  water,  which  Habbrlandt  hae  collec- 
cirftly  Urmed  hydathodes  (pp.  91,  90,  IH),  in  some  instances,  like 
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animal  sweat-glands,  actively  press  out  the  water ;  or,  on  the  other 
hand,  they  may  simply  allow  it  to  filter  through  them  when  the 
internal  pressure  has  attained  a  certain  strength. 

It  would  almost  seem  that,  in  case  of  inactive  transpiration,  such 
exudations  of  liquid  water  supplied  the  place  of  evaporation,  were  it 
not  that  the  out-pressed  liquid  is  not  pure  water,  as  in  transpiration, 
but  always  contains  salts  and,  sometimes,  also  organic  substances  in 
solution.  In  fact,  the  quantity  of  salts  in  water  thus  exuded  is  often 
so  abundant  that  after  evaporation  a  slight  incrustation  is  formed  on 
the  leaves  (the  lime-scales  on  the  leaves  of  the  Saxifrages).  In 
some  instances,  also,  the  substances  in  solution  in  the  water  seem 
to  be  exuded  with  a  purpose,  as  in  the  case  of  the  SECRETIONS  OF  THE 
NECTARIES  and  of  the  digestive  glands  of  insectivorous  plants 
(p.  215),  and  of  the  discharges  of  the  viscid  STIGMATIC  FLUID.  The 
superfluous  water  is  discharged  by  a  few  plants,  the  Pumpkin,  for 
example,  into  the  cavities  of  their  stems  and  leaf-stalks,  and  is  again 
absorbed  from  these  reservoirs  when  needed. 

Special  ContrivanceB  for  regulating  the  Water-iupply.— Almost  all  the  higher 
plants  {)ossess  in  the  power  to  close  their  stomata  a  special  means  of  checking 
transpiration  during  a  temporary  insufficiency  of  the  water-supply.  In  districts 
subject  to  droughts  of  weeks  or  months'  duration,  only  such  plants  can  flourish  as 
are  able  either  to  withstand  a  complete  di-ying  up  without  injury  (p.  179),  or  to 
exist  for  a  long  time  on  a  scanty  supply  of  water.  This  last  case  is  only  rendered 
possible  by  the  extreme  reduction  of  transpiration,  or  by  the  formation  of  organs 
in  which,  in  times  of  a  superfluity  of  water,  it  may  be  retained  for  later  use. 

Such  protection  against  excessive  transpiration  is  afforded  by  the  formation  of 
cork  or  cuticular  coverings,  by  the  reduction  in  the  number  and  size  of  the  stomata, 
and  also  by  their  occurrence  in  cavities  or  depressions.  The  rolling  up  of  the 
leaves,  as  well  as  the  development  of  thick  growths  of  hair  and  the  assumption  of 
a  vertical  position  to  avoid  the  full  rays  of  the  sun,  are  also  measures  frequently 
adopted  to  lessen  transpiration.  The  most  efficient  protection,  however,  from  too 
great  a  loss  of  water  by  transpiration  is  undoubtedly  obtained  by  the  reduction  of 
the  transpiring  surfaces,  either  through  a  diminution  in  the  size  of  the  leaves  or 
through  their  complete  disappearance. 

The  upright  j»ositionof  the  leaves,  or  the  substitution  of  expanded,  i)erpendicularly 
directed  leaf-stalks  for  the  leaves  (Phylloiha),  particularly  characterises  the  flora  of 
Australia.  A  clothing  of  hair,  on  the  other  hand,  protects  the  leaves  of  many  South 
African  Proteaccae  {e.g.  Leucadendroti  argerUeum).  Some  of  the  Gramineae  (Stipa 
capiUahXf  Fcstuca  alpestris,  Seslcria  (cnui/olia,  S.  punctoria^  etc.)  roll  or  fold  their 
leaf-blades,  in  times  of  drought,  by  means  of  special  hinge-like  devices,  into  narrow- 
tubes,  and  so  maintain  a  sufficient  supply  of  water  by  diminishing  the  transpiration 
from  their  stomata.  Reduction  of  the  leaves  is  illustrated  by  the  desert  forma  of 
Genista  and  Sarothamnvs  and  by  the  Cypress-like  Conifers.  A  complete  disappear- 
ance of  the  whole  leaf  surface  takes  place  in  most  Cactif  in  which  also  the  st«ms 
become  swollen  and  converted  into  water- reservoirs  (Fig.  25).  A  similar  develop- 
ment of  succulent  swollen  stems  frequently  occurs  in  the  Euphorbiciceat  (Fig.  181), 
in  the  OnnposUac  {Khinia  articuJata),  Stapelcae^  and  many  other  plant  families 
found  in  arid  regions.  It  has  been  estimated  that  the  amount  of  water  evaporated 
by  a  Melon-Cactus  is  reduced  by  its  succulent  development  to  irvV^F  of  that  given 


off  bjr  aa  eqtMlly  heary  eliuibiog  plant  (ArisCalacMa).  Instwid  of  the  stem  the 
UavF*  tliemselves  may  become  sucoiiUnt,  aa  ia  the  Home-leek  nnd  other  spL-ciea  of 
Strnpervimnn,  also  in  many  »pi!cieii  of  Sedum, 
Alot,  ■ml  Agavf,  Both  stem  and  leaves  aru 
(iqually  nQccalent  in  many  ap*ciea  of  Mentm- 
hryaiUXeiMim.  In  other  plants,  the  ]«ren- 
chynia  of  their  item  tubers  (flpi[ihytic  Orchids) 
or  of  tlicir  thickened  roots  {tJxalidt<u)  serve 
a>  watcr-reiervoirs.  Epijihytin  Bromeliaixar 
catch  the  ruU'Water  in  reservoirs  funned  by 
theii  closely -jniDed  leaves,  and  then  uagurly 
take  it  up  through  the  scaly  hairs  vhich  cover 
the  iMf  Burlaoea,  as  in  stwcios  of  Tillandiia. 
Again,  luauy  epiphytic  Orchids  and  Aroids 
collect  the  rain-water  in  a  an-oUen  sheath  de- 
veloped from  the  epidenuia  of  the  aerial  root 
(■tfanicH  ncffmni,  p.  100).  In  the  case  of 
otb«r  epiphy^  Orchids,  Aroids,  and  Furns 
(jtipltnium  K'idvt,  for  instance),  the  humus 
and  other  luateriul  caaght  i  d  receptacles  formed  ' 
liy  thi-  leaves  or  aerial  roots  aut  like  a  spongi^ 
io  lakiiiic  Dp  and  retaining  water,  while  the 
absorptive   roots   iienetrate   into   these  t 

both  water  and  nutrient  snbntances.  Many  species  of  FmllaiUa  (a  Liverwort 
tomtston  on  Beech  trees)  possess,  on  the  otiier  hand,  special  water-saca  on  the 
vttdtr  dde  of  their  tballaa  (Fig.  316).  A  paiticalarly  remarkable  contrivance  for 
naiataimng  a  constant  supply  of  water  is  exhibited  by  the  epiphytio  DitcAidia 
S^fUnana,  a  number  of  whose  leaves  form  a  deep  but  amall-monthed  urn,  into 
which  the  roots  grow.  Ic  would  seem  at  tirst  sight  unnecessary  that  plants  like 
the  Mangrove  tree,  which  stand  with  their  roots  eulirvly  in  water,  should  require 
|iR>ItcIion  against  too  rapid  tnnspiration  ;  but,  aa  this  tree  grows  in  salt  or 
brmckiah  water,  it  in  necessary  to  reduce  the  amount  of  water  absorbed,  ii 
jmveiit  a  too  great  ui-cumulation  of  salt  in  tbi>  dg^-ucn. 


,   corapoat-like 


\ 


The  Absorption  of  Carbon  (Assimilation) 

In  any  attempt  to  ilistinguiBh  tlie  relative  iunwrtntice  of  substances 
utilised  in  plant  nutrition,  carbon  undoubtedly  ranks  first.  Every 
oT^^ic  substance  contains  carbon,  and  there  is  no  other  element  which 
eould  supply  or  take  part  in  the  formation  of  bo  many  or  such  a  variety 
of  subatances,  both  in  living  organisms  and  in  the  chemical  laboratory. 
Organic  chemistry,  in  short,  is  merely  the  chemistry  of  carbon 
eompotindfl. 

It  requires  no  chemical  analysis  to  realise  that  )>lants  actually 
contain  carbon,  although  in  an  imperceptible  form.  Every  burning 
splinter  of  a  match  shows,  by  its  carbonisation,  the  presence  of  this 
eleinent.  An  examination  of  a  piece  of  charcoal  in  which  the  finest 
■tmcture  of  the  wood  is  still  distiaguishable,  shows  how  abundant  is 
the  carbon  and  how  uniformly  distributed.     Estimated  by  weight,  the 
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carbon  will  be  found  to  make  up  about  half  the  dry  weight 
freed  from  water)  of  the  plant. 

Whence  do  plants  derive  this  earboni  The  "humus"  theory, 
accepted  for  a  long  time,  assumed  that  the  humus  of  the  soil  n'as  the 
source  of  all  the  supply ;  and  that  carbon,  like  all  the  other  nutrient 
substances,  was  t;iken  up  by  the  mots.  That  plants  grown  in  pure 
sand  free  from  humus,  or  in  a  waler-cullure,  increase  in  dry  substance, 
and  consequently  in  carbon,  clearly  demonstrates  the  falsity  of  this 
theory.  The  carbon  of  plants  must  therefore  be  derived  from  other 
sources;  and,  in  fact,  the  carbon  in  humus  is,  on  the  contrary,  due  to 
previous  ve-;etable  decomposition.  The  discovery  made  at  the  end  of 
last  and  the  beginning  of  the  present  century,  that  THE  CARBos  OF 

PLANTS    IS   DERIVED    FROM  THK  CARBOXIC   ACID    OF   THE   ATMOSPHERE, 

and  is  taken  up  by  the  action  of  the  green  leaves,  is  associated  with 
the  names  of  the  DuLchraan  iNUKNHOrss,  and  the  Geneva  Profesaora 
.Senbbikr  and  Thko,  DE  Saus-sike.  Tliis  discovery  is  one  of  the 
most  important  in  the  progress  of  the  natural  sciences.  It  was  by 
no  means  easy  to  prove  that  tlie  invisible  gaseous  exchange  between 
a  plant  and  the  atmosphere  constitutes  the  chief  source  of  nourish- 
ment ;  and  it  required  the  tourage  of  a  firm  conviction  to  derive  tha 
thousands  of  pounds  of  carbon  accumulated  in  the  trees  of  a  forest, 
from  the  small  proportion  contained  in  tiie  atmosphere. 

10,000  litres  of  air  contain  an];  1-5  1.  of  carbonic  acid,  whicli  weigli  8-IOgraius; 
]*i  oftliiB  weiglit  is  oxygen,  however,  and  only  ^  carbon.  Accordingly.  ID,DO0Iitna 
ofdrccintfliuonly  2  graitis  of  cHrboii.  In  ordor,  tlifrefore,  Tor  a  single  trpi-,  likriog 
a  dry  weight  of  COOO  kilon,  to  acquirp  its  2,500,000  grama  of  carboD,  it  must  drpriT* 
12  million  cubic  metres  of  air  at  their  carbonic  acid.  Prom  the  con^dnraliiin  oC 
these  Agurea,  it  ia  not  strangD  that  the  discovery  of  Iniirnhouss  was  unwilUnglji 
aeceptwl,  and  afterwardH  rejwted  and  forgotten.  Liebid  was  the  firat  in  Germany  ta 
•gain  call  attention  to  this  discovery,  whiuh  to-day  is  accepted  withont  questios. 
lie  immensity  of  the  □  limbers  just  cited  are  not  so  appatling  when  one  coDaiden 
that,  in  spite  of  the  small  |>orcentage  of  carbonic  acid  in  the  ntmostitiere,  the  aetuat 
supply  of  this  gas  is  estimated  at  ahont  30O0  billion  Icilns,  in  wliich  are  held  MO' 
billion  kitoa  of  carbon.  This  amount  would  be  sufficient  for  the  vcgetatjou  of  tbfe- 
entire  earth  for  a  long  time,  even  if  tlie  air  were  not  continually  receiving  Haw' 
sup|ilies  of  carbonic  acid  througli  the  respiration  and  decomposition 
through  the  combustion  of  wood  and  coil,  and  through  volcanic  activity. 
adult  will  exhale  daily  about  BOO  grama  CO,  (245  grams  C).  The  1400  million 
human  beings  in  the  world  would  thus  give  back  to  the  air  1200  million  kikw 
of  CO,  (S40  million  kilos  C).  The  CO,  discha^^  into  the  air  from  all  ttta 
ohinmeys  on  the  earth  is  an  enomioiia  amount  Tbe  Knipp  works  at  Bssea, 
according  to  Hansen,  send  out  daily  into  the  atmosphere  about  3,400,000  kilos  of 
MrUin.  Tlie  wholu  carbon  supply  of  the  atmosphere  is  at  tlie  dis{iosa]  of  plants, 
as  the  CO]  liecomea  uniformly  distributed  by  contytant  dilfusion. 

Not  all  plants,  nor  indeed  all  pai'ts  of  n  plant,  are  thus  able  to 
abstract  the  carbon  from  the  carbonic  acid  of  the  air.  Only  such 
organs  as  are  coloured  green  by  chlorophyll  are  capable  of  exercising 


Uits  function,  for  the  vhlorophy U  bodies  themselves  are  the  laboratories 
in  which  this  cheinicul  pi-ocess,  so  important  for  the  whole  living 
world,  is  carried  od.  From  these  kboratories  is  lierived  the  whole  of 
the  carbon  which  composes  the  organic  substance  of  all  living  tilings, 
j'litiit^  as  well  as  animals.  Animals  are  unable  to  derive  this  moat 
esseutial  element  of  iheir  bodies  from  inorganic  sources.  They  can 
only  lake  it  up  iu  orgsnic  substances,  which  have  been  previously 
formed  in  plants.  Such  plants,  also,  as  are  without  chlorophyll,  as.  for 
example,  tbe  Fungi  and  some  of  the  higher  parasitic  plants,  are 
dependent  for  their  nutrition  upon  organic  substances  previously 
formed  by  the  chlorophyll  bodies  of  other  plants. 

VTittiia  tliK  jiuat  ten  yvara  it  Iiak,  indeed,  been  repeat«dlj  determined  tliitt 
t*rtun  nitrif^iug  baclviia  liavv  the  powur  of  fornuDK  a,  small  niuount  of  organic 
■abvUnces  frotii  cwbonatrs.  carbonic  acid,  and  nmnionia.  The  (iroceas  by  M'hioh 
tiic  cirgauic  CftrlHin  compuilnd  is  dvrivi^d  niiut,  however,  be  altogether  dilTereut  from 
that  of  gTFCu  jiUntn,  M  the  bacleiia  contBin  no  chloropbyll,  and  tbeir  nutritive 
actiHtf  IH  in  no  way  drpendeiit  uiion  the  light. 

Root«  and  other  organs  unprovided  with  chloropbyll,  and  also  the 
colourless  protoplasm  in  tlio  green  cells  themselves,  are  similarly 
dependent  upon  the  activity  of  the  chloroplasts.  In  the  red-leaved 
varieties  of  green  plants,  such  as  the  Purple  Beech  and  Ked  Cabbage. 
the  chlorophyll  is  developed  in  the  same  manner  as  in  the  green  parent 
■pedes,  but  it  is  hidden  from  view  by  a  red  colouring  matter  in  the 
epidermis :  in  the  case  of  the  brown  and  red  Algae,  on  the  Other  hand, 
the  clilorophyll  pigment  is  concealed  by  a  colouring  matter,  which 
ia  contained  in  the  chrotnatophores  along  with  the  chlorophyll. 

The  derivation  of  carbon  from  carbonic  acid  and  its  conversion 
into  organic  substances  is  termed  AR.siMll.ATtox.  In  its  broadest 
Maae.  and  especially  in  the  animal  kingdom,  the  word  assimilation  is 
uacd  for  all  nutritive  processes  by  which  tlie  nourishment  ia  built  up 
into  the  substance  of  an  organism.  But  in  Botany  the  meaning  of  the 
t«rm  hu  gradually  been  restricted,  and  now  by  assimilation  the 
otrbcHi  aasimilation  of  the  chlorophyll  granules  alone  is  understood. 
Moreover,  nil  the  other  so-called  processes  of  assimilation  are  dependent 
upon  carbon  assimilation. 

The  chlorophyll  bodies,  however,  cannot  independently  produce 
nrgaiiic  substances  from  carbonic  acid  and  water,  but  require  the 
co-operation  of  light.  The  chlorophyll  apparatus  is  unable  to  assimilate 
without  light,  allliough  all  the  other  re<^uirementa  are  present  for 
active  nsaimiUtion.  A  definite  amount  of  beat  is  also  naturally 
neceaniry  for  chlorophyll  activity,  just  as  for  any  other  vital  process. 

The  vibrations  of  the  ether  perceptible  as  light,  supply  the  energy 
forthedecompoaitiim  of  carbonic  acid  and  the  production  of  carbon,  just 
a»  other  vibrations  of  ether,  in  the  form  of  heat,  supply  the  energy 
requisite  for  the  working  of  u  steam-engine.      Not  all  light  vibrations 
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are  equally  capable  of  arousing  the  assimilatory  activity.  Just  as  the 
rays  of  different  refrangibility  differ  in  their  action,  both  upon  the  eye 
and  the  photographic  plate,  so  they  have  a  different  effect  upon 
assimilation.  It  would  be  natural  to  suppose  that  the  chemically 
active  rays,  the  blue  and  violet,  which  decompose  silver  salts  and  other 
chemical  compounds,  would  also  be  the  most  effective  in  promoting 
the  assimilatory  activity  of  the  chlorophyll  bodies.  Exactly  the 
contrary,  however,  has  been  shown  to  be  the  case.  The  highly 
refractive  chemical  rays  have  little  or  no  effect  on  assimilation  ;  the 
red,  orange,  and  yellow  rays,  that  is,  the  so-called  illuminating  rays  of 
the  spectrum,  are  on  the  contrary  the  most  active. 

In  the  blue-green  fresh-water  Algae,  and  also  in  the  brown  and  red  Seaweeds, 
in  which  the  chromatopliores  contain  true  chloropliyll  in  addition  to  their  peculiar 
special  colouring  matter,  the  maximum  assimilation  takes  place,  according  to  Exgel- 
MANX,  in  another  part  of  the  spectrum  than  it  does  in  the  case  of  green  plants.  The 
assimilation  in  these  Algae  seems  indeed  to  be  carried  on  in  the  i)art  of  the  spectrum, 
the  colour  of  which  is  complementary  to  their  own.  All  the  rays  of  the  mixed 
white  light  are  usually  at  the  disi)osal  of  plants  growing  freely  in  the  oi»en  Air ; 
only  the  Seaweeds  found  in  deep  water  (at  the  most  but  200  m.  deep)  grow  in  a 
prevailing  blue  light,  while  the  deeper-lying  tissues  of  land  plants  live  in  red  light, 
as  this  penetrates  further  into  the  parenchymatous  tissues. 

In  studying  the  effect  of  different  kinds  of  light  upon  assimilation,  it  is 
customary  either  to  use  the  8ei>arate  colours  of  the  solar  spectrum,  or  to  imitate 
them  by  means  of  coloured  glass  or  coloured  solutions.  For  such  experiments  it 
will  be  found  convenient  to  make  use  of  double-walled  bell-jars  filled  with  a 
solution  of  bichromate  of  potassium  or  of  ammoniacal  copper  oxides.  Plants  grown 
under  jars  filled  with  the  first  solution,  wliich  allows  only  the  red,  orange,  and 
yellow  rays  to  i)ass  through,  assimilate  almost  as  actively  (90  per  cent)  as  in  white 
light  (100  per  cent).  Under  the  jars  containing  the  second  solution,  which  readily 
permits  the  jiassage  of  the  photo-chemical  rays,  assimilation  is  extremely  low  (5-7 
per  cent). 

But  little  is  known  with  regard  to  the  processes  carried  on  in  green  cells  during 
assimilation  ;  and  although  it  is  evident  that  only  the  green  chlorophyll  bodies 
are  capable  of  assimilating,  it  is  still  by  no  means  clear  what  part  the  green  chloro- 
l>hyll  pigment  performs.  The  pigment  which  may  be  extracted  from  the  protoplasm 
of  the  chlorophyll  bodies  makes  up  only  a  small  i)art  of  their  substance,  and  gives 
no  reaction  from  which  its  operations  may  be  inferred.  The  light  absorbed  by  the 
clilorophyll  pigment  also  stands  in  no  recognisable  relation  to  the  requirements  of 
assimilation  ;  for  the  blue  and  violet  rays,  which  are  inoperative  in  assimilation, 
are  most  strongly  absorbed  (see  p.  59).  It  has  not  as  yet  been  determined 
what  ))art  the  mineral  constituents  of  the  transpiration  current  take  in  the 
process.  On  the  other  hand,  the  protoplasmic  body  of  the  chloro]>lasts  cannot 
assimilate  when  the  green  pigment  is  not  present  ;  tliat  is,  when  from  any  cause 
the  corpuscles  are  prevented  from  turning  green.  For,  as  the  existence  of  the  green 
pigment  is  dejiendent  upon  the  presence  of  iron,  uiK)n  a  projwr  temperature,  and, 
with  few  exceptions  (Ferns,  Conifers),  upon  the  action  of  light,  its  formation  in  the 
chlorophyll  bodies  may  be  prevented  by  dei)riving  them  of  tlie  requisites  for  its 
development.  The  chromatophore^  will  then  remain  yellow  (in  leaves)  or  white 
(in  stems),  and  no  longer  assimilate. 


Ab  a  result  of  the  chemical  processeB  involved  in  the  decomposing 
Utivity  of  assiiniUtion,  only  the  epecitil  end-product  and  one  by. 
product  are  at  present  known,  Sachs  discovered  that  the  organic 
compound,  firat  to  be  detected  aa  the  special  ultimate  products  of 
I  asdmilation  in  the  higher  plants,  is  a  crAltlioKYDltATK,  which  may  either 
n  in  solution,  or  in  the  form  of  STARCH  r.RAlNs  may  become 
scopically  visible  at  the  points  of  its  formation.  In  the  case  of 
the  lower  plants,  in  the  Algae,  for  example,  the  iirst  visible  product  is 
often  not  starch  but  a  fatty  oil. 

A  short  time  after  assimilation  begins,  in  sunshine,  sometimes 
within  five  minutes,  minute  starch  grains  appear  either  in  the  centre  or 
on  the  margins  of  tlie  chloroplasts.  These  grains  gradually  enlarge  until, 
finally,  they  may  greatly  exceed  the  original  size  of  the  chloroplasts. 
Should,  however,  the  assimilation  cease,  which  it  regularly  does  at 
night,  then  the  starch  grains  are  dissolved  and  as  soluble  carbo- 
hydrates {glucose,  etc.)  pass  out  of  the  cell.  In  some  plants  (many 
Monocotyledons)  there  is  no  starch  formed  in  the  cliloroplasts,  but 
the  products  of  assimilation  pass  in  a  dissolved  state  directly  into  the 
cell  sap.  In  exceptional  cases,  however,  starch  is  also  formed  where 
there  is  a  surplus  of  glucose,  sugar,  and  other  substances,  as,  for 
example,  in  the  guard-cells  of  Monocotyledons.  This  seems  then  to  be 
L  K  reserve  substance  rather  than  a  special  product  of  assimilation.  In 
mTrfjkUolum,  for  instance,  the  fonuatiou  of  cane- 
lUgar  precedes  the  production  of  starch  in  the 
ihloropl&sts. 

The  foimation  of  starch  may  be  shown  to  be 
i  direct  result  of  assimilation  by  means  of  the 
"iodine  reaction,"  and  without  the  aitl  of  a 
taicroscope.      If  a  leaf  cut  from  a  plant  pre- 
ioosly    kept    in    the   dark   until    the    starcli 
Iready  formed  in  the  leaves  has  become  ex- 
'  hftusted,  be  treated  with  a  solution  of  iodine 
after  being  first  discoloured  in  hot  alcohol,  it 
will  in  a  short  time  assume  a  yellowish  brown 
eolour,  while  a  leaf  vigorously  assimilating  in 
"ihe  light  will,  with  the  same  treatment,  take  Fio, 
i  lilnc-hlack  colour.     In  Fig.  183  the  result       '' 
the    iodine    reaction    is  shown    on  a  leaf,       , 
irt  of  which  had  been  covered  with  a  strip       > 
[  dark  paper  or  tinfoiL     The  cells  darkened      * 
the  overlying   paper   or    foil    formed    no       o 
tarch,  while  those  exposed  to  the  light  are       '' 

wn    by   the  iodine   reaction   to   be  full  of      ^,^j "     " 

A  green  leaf  kept  in  air  devoid  of  car- 
lic  acid,  although  fully  exposed  to  the  light,  will  simihtrly  form 


From  this  chemical  equation  it  i 


Sensitive  leaves,  like  those  of  many  Legvininomf,  often  eufTer  mtire 
under  such  conditions  thtin  when  the  possibility  of  asaimilntion  is  pre- 
cluded by  their  being  de]>rived  of  light. 

The  by-product  ai'ising  from  the  assimilutory  proeesa  ib  pl'RR 
OXVtiEN.  The  volume  of  oxygen  thus  set  free  ia  equal  to  the  volume 
of  carbonic  acid  taken  in.  If  planlB  nasimilate  in  a  known  tjuantily 
of  air  containing  carbonic  acid  gas,  its  volume  will  therefore  remain 
the  same.  The  chemical  process  of  aasimilation  resulting  in  the  de- 
composition of  the  carbonic  acid  may  be  thus  expressed  : 
8C0j  +  5H.0  =  C„H,„05  +  BOi 

9  evident  that  water  is  requisitk 

Fur    TIIK    PROtX^    OF    ASSIMILA- 

TlLiN.  The  actual  composition  of 
starcli  corresponds  rather  to  a 
multiple  of  the  above  symbol,  or 
q(C„Hi„0,),  so  that  the  whole 
equation  should  he  mii1tii>lied 
by  n. 

The  oxygen  giien  oiT  by  green 
]ilanta,  although  not  jierceptible 
when  they  are  growing  in  the 
open  air,  becomes  apparent  in  the 
case  of  water-plants.  It  was,  in- 
ileed,  through  the  evolution  of 
bubbles  of  oxygen  from  walcr- 
plnnts  that  Ingexhouss  first  had 
his  attention  called  to  the  assiroi- 
latory  activity  of  leaves.  To  see 
this  process,  it  is  only  necessary 
to  place  a  cut  Bt«m  of  a  water- 
plant  in  a  vessel  of  wator  exposed 
to  tlie  sunshine,  when  a  continuous 
series  of  small  bubbles  of  gas  will 
at  once  be  seen  to  escape  from  the 
intercellular  passages  intersected 
_  by  the  cut  The  gas  thus  evolved 
'  may  be  collected  with  little  trouble 
'I  (Fig.  183),  and  will  be  found  to 
be  chiefly  oxygen,  but  cuntAiiiing 
traces  of  nitrogen  and 


kI 


planti.  Ill  ths  g 
witir,  ■»  |ilMed  I 
tha  irnhljr.dut  si 


<  ut  Elwln  camdMufi 


„f*.t«.  Th«««.b,.bbiMB.ri.i,«fm..OH.  ^°"'<=    a™l    *^en    "f   rrom   the 

out  nnrhciiii.  cDUeci  si  n.    II.  lUnd  lu  sup-  Water.       As  water  absorbs    much 

jHirt  iiw  twt-iuh".  iggg    oxygen    than    cai'bonic  acid 

(at  a  temperature  of  14'  C.   100  vols,  of  water  will  disaoIvB  oii^y  A. 
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vols,  of  oxygen,  but  100  vols,  of  carbonic  acid),  the  escaping  babbles 
of  oxygen  become  visible ;  whereas  the  flow  of  the  carbonic  acid 
dissolved  in  the  water  to  the  assimilating  plant  is  imperceptible. 

Artificially  conducting  carbonic  acid  through  the  water  increases,  to  a  certain 
degree,  the  evolution  of  oxygen,  and  tlius  the  assimilatory  activity.  Similarly  an 
artificial  increase  of  carbonic  acid  in  the  air  is  followed  by  increased  assimilation. 
In  sunshine  assimilation  attains  its  maximum  in  air  containing  about  8  per  cent  of 
carbonic  acid  ;  with  a  higher  percentage  it  begins  to  decrease.  If  the  amount  of 
carbonic  acid  gas  be  increased  two  hundred  times  (from  0*04  per  cent  to  8  per  cent  in 
the  atmosphere),  the  formation  of  starch  is  only  increased  4-5  times. 

Carbon  monoxide  (CO)  cannot  be  utilised  by  green  plants  ;  it  cannot  take  the 
place  of  the  carbon  dioxide,  and  is  poisonous  to  plants. 

Under  the  same  external  conditions,  the  assimilatory  activity  of  different 
]>lants  may  vary  from  internal  causes.  In  the  same  time  and  with  an  equal  leaf 
surface,  one  plant  will  form  more,  and  another  less  carbohydrates.  In  this  sense, 
it  is  customarj'  to  speak  of  a  ''specific  energy  of  assimilation,"  which  is  partly  due 
to  the  different  number  and  size  of  the  chloroplasts,  as  well  as  to  a  difterence  in  the 
air-spaces  and  consequent  aeration  of  the  leaves,  but,  without  doubt,  has  also  its 
cause  in  their  greater  or  less  energy. 

As  examples  of  medium  assimilatory  activity,  the  leaves  of  the 
Sunflower  and  Pumpkin  may  be  cited.  Under  conditions  favourable 
for  assimilation,  the  leaves  of  these  plants  form  in  a  summer  day  of 
fifteen  hours  about  25  grams  starch  per  square  metre.  The  carbon 
for  the  formation  of  the  starch  was  supplied  in  this  case  from  50 
cubic  metres  of  air.  A  room  of  120  cubic  metres  would  accordingly 
contain  enough  carbonic  acid  for  60  grams  of  starch.  From  these 
figures  a  faint  conception  may  be  gained  of  the  enormous  activity  of 
the  assimilatory  processes,  which  are  necessary  to  furnish  the  yearly 
grain  supply  of  a  large  country. 

The  Utilisation  of  the  Products  of  Assimilation 

The  Formation  of  Albuminous  Substances. — The  chlorophyll 
bodies  supply  plants  with  organic  nourishment  in  the  form  of  a 
carbohydrate.  Although  the  greater  part  of  the  organic  plant  sub- 
stance consists  only  of  carbohydrates,  as,  for  example,  the  whole 
framework  of  cell  walls,  yet  the  living,  and  consequently  the  most 
important  component  of  the  plant-body,  the  protoplasm,  is  composed 
of  albuminous  substances.  These  albuminous  substances  have  a  com- 
position altogether  different  from  that  of  the  carbohydrates.  In 
addition  to  carbon,  oxygen,  and  hydrogen,  they  also  contain  nitrogen, 
sulphur,  and  frequently  phosphorus,  the  nitrogen  indeed  in  consider- 
able proportion  (about  15  per  cent).     Thkrk  takes  place  A((<»rd- 

INOLY  WITHIN  PLANTS  A  NEW  FORMATION  OF  ALBUMINOUS  SUBSTANC1'>4 

FR(^»M  THE  CARBOHYDRATES.  There  are  certain  indications  that  this 
formation  is,  in  part,  accomplished  within  the  green  cells  of  the  leaves, 
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but  it  must  also  be  carried  on  in  cells  devoid  of  chlorophyll,  as,  for 
instance,  in  those  of  the  Fungi. 

As  little  ia  known  concerning  the  process  of  the  synthesis  of  the  albuminous 
substances  of  plants  as  concerning  the  formation  of  the  carbohydrates  from  the 
carbonic  acid  and  water.  It  has  generally  been  supposed  that  they  are  formed 
from  the  carbohydrates  and  mineral  substances  already  mentioned,  as  these  are 
known  to  be  transported  to  the  region  where  the  fonnation  of  protoplasm  occurs, 
and  are  there  consumed.  The  carbohydrates  utilised  in  this  process  seem  to  be 
principally  glucose  (both  grape-sugar,  dextrose,  CeHijO^  +  HaO,  and  fruit-sugar, 
Iflevulose,  CgHiaOe)  and  maltose^  (CeHsaOu  +  H2O)  ;  for,  whatever  may  be  the  form 
of  the  original  carbohydrate,  whether  starch,  inulin,  cane-sugar,  reserve -cellulose, 
or  glycogen,  glucose  or  maltose  is  always  the  first  product  formed  from  it. 

The  mineral  nitrates,  sulphates,  and  phosphates  take  part  in  the  process, 
chiefly  in  the  fonn  of  potassium  and  magnesium  salts.  Nitrogen  and  sulphur  are 
liberated  from  the  nitrates  and  sulphates,  with  decomposition  of  the  acid  radicals  ; 
while  of  the  phosphates,  the  acid  group  is  utilised  in  the  formation  of  nuclein  in 
the  cell  nucleus.  Calcium  salts,  although  they  take  no  direct  part  in  these  processes, 
seem,  nevertheless,  to  be  indispensable.  Their  imjMjrtance,  indeed  absolute  necessity, 
for  most  plants,  is  due  to  their  functioning  as  a  medium  for  conveying  the  mineral 
acids,  and  for  neutralising,  or  precipitating,  injurious  by-products  which  are  produced 
in  the  formation  of  albumen.  The  most  frequent  of  these  by-products  is  oxalic  acid 
(CjHtiOJ,  which,  either  as  a  free  acid  or  as  a  soluble  potassium  salt,  acts  as  a  poison 
u])on  most  plants.  The  oxalate  of  potassium,  which  is  first  formed  from  the  potassium 
nitrate,  reacts  with  the  calcium  salts  present,  with  the  formation  of  calcium  oxalate, 
which  ia  only  slightly  soluble  and,  as  it  accumulates,  crystallises  out  and  thus  becomes 
harmless.  Wherever  the  formation  of  albumen  or  nuclein  takes  place,  oxalic  acid  is 
formed,  the  calcium  salts  of  which  may  usually  be  found  in  adjacent  cells  often  in 
enormous  quantities,  in  the  fonn  of  aggregates  of  crystals,  raphides,  or  crystal  sand. 

The  process  of  tlie  formation  of  oxalic  acid,  or  its  potassium  salt,  might  be  con- 
ceived of  as  taking  place  according  to  the  following  theoretical  equation  : 

GgHi^Oe    +:   2NO3K    =  C^HgNgO^  -f   K^CaO^    -!-     Bfi  +  30 

Glucose     rotassium  nitrate    Asi>nragin    Potassium  oxalate  Water   Oxygen 

Starting  with  glucose  and  iK)tassium  nitrate,  there  would  be  formed  in  addition  to 
potassium  oxalate,  water,  and  oxygen  (which  for  the  most  part  is  consumed  in  the 
respiration,  but  also  in  many  cases,  as  free  oxygen,  may  be  detected  or  estimated), 
an  amido  compound,  Aspakagin,  C2H3(NH2)  (CONH2)  (COOH).  Asi»aragin  is  a 
body  which,  like  oxalic  acid,  is  widely  distributed  throughout  the  vegetable 
kingdom.  Particularly  large  accumulations  of  this  substance  (first  discovered  in 
Asparaijus)  are  found  in  etiolated  seedlings  of  many  Papilionaceae  (1  litre  of  sap 
from  Bean  seedlings  contains  about  12-15  grams),  always,  however,  under  circum- 
stances wliicli  suggest  the  possibility  that  Asparagin  i>articipates  in  the  synthesis 
of  the  albuminous  substances.  In  all  probability  its  formation  precedes  that  of  the 
ultimate  proteid  substances.  Asparagin  is  soluble  in  water  and  watery  sap,  and  so 
is  in  a  position  to  permeate  the  cell  wall,  which  the  colloid  albuminous  substances 
are  not  able  to  do  in  the  same  degree. 

Transfer  of  the  Products  of  Assimilation 
When  proteid  substances  are  to  be  conveyed  through  the  tissues, 
as,  for  example,  from  seeds  rich  in  proteids  into  the  seedlings,  they 
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first  become  dissolved  and  form  soluble  amides.  They  are  in  this 
form  transferred  to  places  where  in  combination  with  carbohydrates 
and  mineral  acids  they  are  used  anew  in  the  formation  of  albumen. 

Besides  asparagin,  there  are  still  other  but  less  widely  distributed  amides  found 
in  plants,  as  leucin,  tyrosin  (which,  like  asparagin,  will  crystallise  out  on  treat- 
ment with  alcohol  as  glistening  spharites),  glvtamin  (in  the  Pumpkin),  betain 
(in  the  Turnip),  also  allaxtoin,  etc. 

In  addition  to  the  transfer  of  nitrogenous  constructive  material 
through  the  parenchymatous  tissues,  the  long-distance  transport  of 
THE  READY-FORMED  ALBUMINOUS  SUBSTANCES  Seems  rather  to  take 
place  through  the  open  sieve-tubes  of  the  bast.  It  appears  to  be  in  the 
sieve -tubes,  which  contain,  during  life,  albuminous  substances,  starch 
grains,  and  drops  of  oil,  that  the  conduction  of  organic  substances  is 
effected  from  the  leaves  to  the  roots.  In  fact,  it  was  long  ago  con- 
cluded that  the  increased  thickening  of  the  cortical  layers  observed  just 
above  wounds  made  by  ringing  trees,  was  due  to  the  interruption  and 
detention  of  a  flow  of  nourishing  sap  through  the  bast  towards  the 
roots. 

The  transfer  of  the  carbohydrates  through  unbroken  cell  walls  to 
the  various  points  of  consumption  can  only  be  accomplished  when  they 
are  in  solution.  In  case  they  are  not  already  dissolved  in  the  cell  sap, 
in  the  form  of  glucose,  maltose,  sugar,  or  inulin,  they  must  first  be 
converted  into  soluble  substances.  This  is  of  the  highest  importance 
for  the  transfer  and  utilisation  of  starch  and  reserve  cellulose.  They 
are  converted  by  the  influence  of  diastase  into  glucose  or  maltose. 
Diastase  belongs  to  those  peculiarly  acting  substances  termed  UN- 
organised  FERMENTS  OR  ENZYMES,  which  possess  the  remarkable 
power  of  decomposing  or  transforming  certain  organic  compounds 
without  themselves  becoming  changed  or  consumed  in  the  process. 
By  virtue  of  this  property  they  are  enabled  to  transform  unlimited 
quantities  of  certain  substances.  The  best  known  of  the  unorganised 
ferments  are  diastase,  which  converts  starch  into  maltose,  invertin, 
E3IULSIN,  MYROSIN,  as  well  as  the  peptonising  ferments  in  insecti- 
vorous plants  and  in  the  latex  of  various  plants. 

These  ferments  are  proteinaceous  substances,  wliicli  in  many  of  their  chemical 
reactions  resemble  living  protoplasm,  but  with  which  tliey  must  not  be  con- 
fused. Their  power  of  exciting  fermentation  is  not  due  to  any  vital  property ; 
they  are  simply  chemical  substances,  and  like  them,  wlien  in  solution,  may  be 
precipitated,  etc.,  without  losing  any  of  their  active  principles.  Diastase,  for 
example,  may  be  extracted  from  germinating  barley  seeds  by  water  or  glycerine. 
After  it  has  been  precipitated  by  means  of  alcohol  and  dried  to  a  powder,  it  may 
again  be  dissolved  in  water,  and  will  still  be  in  a  condition  to  transform  enormous 
<|uantities  of  starch,  especially  if  in  the  form  of  paste,  into  sugar. 

Other  substances  similar  to  diastase,  and  also  caj>able  of  dissolving  starch, 
are  widely  distributed  throughout  the  vegetable  kingdom,  and  are  classe<l  together 
as  diastatic  ferments.     They  are  especially  abundant  in  starcliy  germinating  seeds, 


M  well  iu<  ill  tubers  and  biilbd,  in  1iiivi>b  ami  youtig  liliiMitH.  They  have  also  been 
foQud,  stl'ftniKe  to  mj,  in  orgHnii  nliera  there  wu  »□  starch  tor  tlieiu  to  act  ajwn. 
The  diaBt«tic  truDsfoniintioD  hdU  (lissolntlon  of  tlic  starch  is  itccomjilislicd.  in  a 
peculiar  manner.  The  titiuvh  grain  is  not  diasulved  aa  n  homagcneoiia  cTTitol. 
aaitbmil;  From  t1i>!  Hnrface  luuurda,  hill  becamei  corroded  by  nvTow  canals,  iiiitil 
it  ia  finally  tiinipletely  disorganised  and  fulls  into  i-niall  pieces  (Fig.  181). 

The  transformation  of  the  starth  formed  in  tlie  chlorophyll  corpuscles 
duritig  ihe  day,  lakes  place,  as  a  rule,  nt  night ;  for  in  the  daytime  the 
_^  action  of  the  diostatic  ferment 


ia  weaker,  and  is  also  coimter- 
baUuced  hy  the  fonnation  of 
new  starch.  Tlie  glucose 
which  is  thus  produced  in  the 
leaves  (laases  out  of  the 
mesophyll  cells  into  ihft  elon- 
gated cells  of  the  vascular 
bundle  sheaths.  The  glucose 
Hiid  maltose  are  tmnaferre«l 
in  these  coNnurriNo  sheaths 
through  the  leaf-stalks  \nU> 
the  stem.  Thenou  tliey  are 
conveyed  to  the  young  shools 
and  buds  or  carried  down 
to  the  roota;  in  short,  they  are  finally  transported  to  places  where 
they  are  required  for  the  nutrition  of  the  plant.  The  glncose  and 
maltose  often  become  converted  into  other  carbohydrates  during 
their  passage  from  one  organ  to  another,  particularly  into  starch. 
Starch  thus  formed  from  other  carbohydrates,  and  not  directly  by 
assimilation,  is  often  referred  to  as  I'RANsiTottV  starch,  and  is  usually 
distinguishable  by  the  smaller  size  of  the  grains.  At  the  points  of 
consumption  these  carbohydrates  are  agnJn  cnnveited  into  glucose,  in 
which  condition  alone  they  seem  adapted  for  direct  nutrition. 


The  Storage  of  Reserve  Material 
All  the  products  of  assimilation  are  not  at  once  consumed.  In 
spite  of  this,  however,  assimilation  is  continued,  and  the  surplus 
products  Iwyond  the  requirements  of  immediate  consumption  are  accu- 
mulated as  itESERVK  MATERIAL  for  futitre  use.  Large  amounts  of  stich 
reserve  material  are  accumulated  by  the  American  Agave  during  many 
periods  of  vegetation,  to  be  finally  expended  in  nourishiug  the  immenso 
inflorescence  with  its  hundreds  of  flowers  and  fruits.  In  our  herbs, 
bushes,  and  trees,  as  the  yearly  growth  and  consequent  consumption 
cease  at  the  end  of  each  vegetative  period,  and  as  the  assimilating 
organs  have  by  that  time  attained  their  greatest  expansion  and 
efiiciency,  the  surplus  of  reser\'e  material  is  the  greatest  at  the  close  of 
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till!  seaSDD,  and  is  stoiet!  in  special  RESKRVUIRS  uF  RKisKRVE  MATERIAL. 
All  growth  of  the  snccewiinj;  year,  either  of  the  plants  themsolvea  or  of 
their  embryonic  offspring,  is  dependent  upon  the  existence  somewhere  of 
a  supply  of  reserve  material,  which  may  l>e  utilised  by  the  plant  until 
the  organs  of  nssimilatioD  are  developed.  Reserve  materials  will  accoid- 
ingiy  be  found  stored  in  different  forms  in  the  cells  of  the  embryo,  or 
in  the  surrounding  tissues  of  the  seed,  iii  undergi'ound  rhizomes,  tubers, 
bulbs,  and  roots,  or  in  the  cortical  layers,  the  medullary  rays,  the  wood 
[Hirenchyma  (especially  the  fibres),  and  the  medulla  of  persistent  stems. 
Conveyed  to  these  depositories  of  reserve  material,  the  glucose  and 
maltose  are  again  converted  into  other  carbohydrates,  usually  starch, 
which  is  formed  from  them  by  the  activity  of  the  starch -producing 
leucoplastB.  In  other  cases  the  reserve  carbohydrates  take  the  form 
of  cane-sugar,  inulin,  or  reserve  cellulose  (i-.ff.  vegetable  ivory  in  the 
fniit  of  Ph/ldephtis).  Still  more  remarkable  is  the  transformation  of 
carbohydrates  into  fats  and  oils,  occurring  in  the  ripe  and  ripening 
seeds  of  many  plants,  in  fruits  {Olive),  and  also  in  strictly  vegetative 
tissues.  In  winter  the  stai'ch  in  the  wood  of  nmny  trees  also  becomes 
converted  into  oil,  but  in  the  succeeding  spring  it  is  again  changed  to 
starch.  It  is  finally,  at  the  opening  of  the  buds,  converted  into  glucose 
or  maltose,  and  conveyed  by  the  transpiration  current  to  the  young 
shoots.  Other  receptacles  of  reserve  material  contain  scarcely  any  carbo- 
hydrate, but  on  the  other  hand  there  is  much  more  albuminous  matter 
in  the  form  of  thick  protoplasm,  alenrone  grains,  protein  crj'stals,  and 
fnU  (seeds  of  Rictniij)).  That  in  the  germination  of  young  plants  similar 
tixsues  with  protoplasm,  nucleus,  ceil  wail,  etc.,  are  formed  from  these 
different  materials,  seems  to  indicate  that  all  these  constructive 
materials  are  of  almost  equal  value  to  the  plants.  This  is  due  to  the 
fact  that  plants  can,  apjmrently  without  difficulty,  transform  the  carbo- 
hydrates, fats,  or  albuminous  substances  one  into  the  other,  a  result 
not  yet  accomplished  by  chemical  pixicesses. 

Other  Prodnots  of  K«t>boIiaiii 
Th«  cbRniickl  activity  of  the  vegetable  cell  is  by  no  aieans  exhanated  in  the 
prodnotioti  of  tho  lubatancet  luvutioueil  :  the  iiiorrasiug  tiunibrr  of  cbeniic4l  oom- 
[■niiids  foaud  to  \iB  liprivr^  froni  the  firat  product  of  usaitiiitation  ii  ■  mutter  of  con. 
tltill*!  turiTise,  Of  most  of  them  neither  tlie  manner  of  their  rormatian  nor  th«ir 
full  ittii«rtatice  in  nieLKtwIiam  u  uudenilood.  The  oonditions  ue  not  even  fully 
known  which  are  necesuiry  for  the  Formation  and  functional  uctiritj  of  the  okqamk! 
ACIM  (tiialic,  tartaric,  citric,  etc.,  which  may  in  ])art  be  conaidered  as  products  of 
ImfMttct  reifiration)  and  tannins,  althougb  both  are  no  frequent  in  plants.  The 
fnootion  of  th«  ulccumiuks  is  also  iinperfectly  understood,  Tlieav  are  uitrogenouB 
an<l  Dun'Uitrui^nona  compounds,  and  an.-  not  widely  distributed.  Tliey  are  soluble 
in  waur,  ruid  by  the  action  of  fermcnti  are  broken  up  into  glucose  and  other  deri 
Titivc  iirodncts.  In  the  Anij/gilaiateat  they  appear  aa  amtuIialin,  in  the  Solan- 
luau  aa  thti  puisouuiis  xoi.AM.v,  in  tb«  Crtid/erae  [mustard  seeds)  as  MyaoHio 
,ii<~tl>,  in  tb*  bark  of  the  Horse-chestnut  as  the  extremely  lluoreaeent 
■[■«iea  of  Digitalit  as  thr  poisonous  nloiTALis.      Crjs-iPEniv,  which  in  contained 


i 
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in  lignificd  cell  Avails,  and  esi>ecially  in  the  cambial  sap  of  the  Conifers,  is  also  in- 
cluded in  the  glucosides.  Couiferin  has  recently  acquired  an  economic  ralue,  a.s 
from  it  VANILLIN,  the  aromatic  principle  of  vanilla,  may  be  artificially  produced. 
In  this  process  the  coniferin  is  decomposed,  through  the  action  of  a  ferment  or  acid, 
into  glucose  and  coniferylalcohol,  through  the  oxidation  of  which  its  aldehyde, 
vanillin,  is  formed. 

It  is  as  yet  unknown  what  part  in  the  metabolic  processes  of  i)lauts  is  per- 
formed by  the  bitter  principles,  such  as  the  lupulin  of  Hops,  aloin  of  Aloes, 
ABSYNTHIN  of  Wormwood.  There  is  the  same  uncertainty  with  regard  to  the 
functions  of  the  alkaloids.    Since  most  alkaloids,  strychnin,  brucin,  veratrin, 

CONIIN,  MUSCARIN,  ATROPIN,  QUININ,  MORPHIN,  CODEIN,  GOFFEIN  (theiu),  THEO- 

BROMIN,  ACONITIN,  NicoTiN,  PILOCARPIN,  COCAINE,  etc.,  are  violent  poisons,  their 
vegetable  bases  and  repugnant  bitter  principles  furnish  a  certain  protection 
to  plants  against  destructive  animals.  This,  however,  does  not  preclude  the 
possibility  that  they,  like  the  poisonous  oxalic  acids,  may  at  the  same  time 
have  an  important  physiological  significance. 

The  colouring  matters  and  ethereal  oils,  although  in  actual  weight  present 
only  in  small  quantities,  make  themselves  particularly  noticeable  to  the  senses 
of  sight  and  smell.  They  probably  represent  only  by-  and  end-products  of  meta- 
bolism ;  and,  with  the  exception  of  chlorophyll,  take  no  further  part  in  the  vital 
processes  of  plants,  except  in  so  far  as  they  are  beneficial  to  the  general  well- 
being  by  enticing  {e.g.  flowers,  fruits)  or  repelling  animals.  Their  biological  signifi- 
cance is  accordingly  much  better  known  than  their  physiological  function.  Just  as 
the  ethereal  oils  are  frequently  found  in  special  excretory  receptacles,  the  resins, 
gum-resins,  and  gum -mucilages,  which  are  also  excretion  products,  are  usually 
deposited  in  canals  or  glandular  cavities  (p.  88),  and  are  often  mixed  with  ethereal 
oils.  Whether  their  formation  in  the  particular  instances  is  necessary  for  the 
carrying  out  of  the  nonnal  processes  of  metabolism  is  altogether  uncertain.  They 
are,  at  any  rate,  useful  to  plants  when  wounded,  serving  as  a  protection  against 
evaporation  and  the  attacks  of  parasites. 

The  significance  of  the  so-called  india-rubber  (caoutchouc)  and  gutta-percha 
(in  the  latex,  p.  73)  in  the  economy  of  the  plant  is  still  less  known.  In  addition  to 
these  substances,  there  also  occur  in  latex,  resins,  ethereal  oils,  alkaloids  (in  opium), 
starch  grains  and  other  car1>ohydrates,  oil -drops  and  albuminous  substances. 
The  presence  of  these  substances  in  the  latex,  valuable  as  constructive  material, 
and  occasionally  also  of  active  enzymes  (peptonising  ferments  are  found  in  the 
milky  juice  of  Ficus  Carica  and  Carica  Papaya),  gave  rise  to  the  suggestion  that 
the  latex  cells  and  tubes  function  in  the  transport  of  the  nutrient  matter.  It  ha^, 
however,  been  found  that,  even  in  starved  plants,  the  latex  remains  unconsumed  ; 
and  the  present  knowledge  of  these  often  caustic  and  poisonous  saps  is  limited  to 
their  external  utility  in  the  economy  of  plant  life.  By  their  obnoxious  properties 
they  defend  plants  from  the  attacks  of  enemies.  Also,  in  the  event  of  plants 
being  wounded,  the  latex  is  pressed  out  either  by  the  surrounding  turgescent  tissue 
or  by  the  tension  of  the  elastic  walls  of  its  own  cells,  and  forms,  as  it  quickly 
coagulates  in  the  air,  an  efficient  covering  for  the  wound.  In  other  plants,  especi- 
ally in  trees,  wound-gum  serves  the  same  purpose  (p.  81). 

Special  Processes  of  Nutrition 

Parasites,  Saprophytes,  Symbionts,  and  Insectivorous  Plants. — 

The  acquisition  of  organic  nutritive  substances  through  the  activity  of 
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assimilating  green  cells  is  the  most  frequent,  and  is  consequently  con- 
sidered the  normal  method  of  plant  nutrition.  Other  modes  of 
nutrition  are  only  possible  at  the  cost  of  organic  substances  already 
produced  by  the  assimilating  activity  of  green  cells.  The  de- 
pendent relations  existing  between  the  colourless  and  green  cells, 
and  between  the  leaves  and  roots  of  all  green  plants,  have  already 
been  pointed  out.  Just  as  in  the  case  of  the  cells  devoid  of 
chlorophyll,  some  plants  also  forgo  all  attempts  to  develop  an 
adequate  chlorophyll  apparatus,  and  by  so  doing  lose  all  ability  to 
provide  themselves  with  nourishment  from  the  inorganic  matter  about 
them. 

Great  numbers  of  such  colourless  plants  derive  their  nourishment 
from  the  bodies  of  dead  animals  and  plants.  All  organic  matter  at 
one  time  or  another  falls  into  the  power  of  such  plants  as  are  devoid 
of  chlorophyll ;  it  is  chiefly  due  to  their  decomposing  activity  in  the 
performance  of  the  nutritive  processes  that  the  whole  surface  of  the 
earth  is  not  covered  with  a  thick  deposit  of  the  animal  and  plant 
remains  of  the  past  thousands  of  years.  These  peculiar  plants  are  not 
satisfied  with  the  possession  of  the  lifeless  matter  alone  ;  they  even 
seize  upon  living  organisms,  both  animal  and  vegetable,  in  their  search 
for  food. 

It  is  chiefly  the  vast  number  of  Fission-Fungi  (Bacteria)  and  true 
Fungi  which  nourish  themselves  in  this  way  as  parasites  (upon  living 
organisms)  or  as  saprophytes  (upon  decaying  remains  of  animals  and 
plants).  But  even  some  species  of  the  most  widely  separated  families 
of  the  higher  phanerogamic  plants  have  also  adopted  this  method  of 
obtaining  food. 

As  a  result  of  this  modification  of  their  manner  of  life,  the  organi- 
sation and  functions  of  these  higher  plants  have  undergone  the 
most  remarkable  transformation.  From  the  corresponding  changes  in 
their  external  appearance,  it  is  evident  how  far-reaching  is  the 
influence  exercised  by  the  chlorophyll.  With  the  diminution  or  com- 
plete disappearance  of  the  chlorophyll,  and  consequent  adoption  of  a 
dependent  mode  of  life,  the  development  of  large  leaf  surfaces,  so 
especially  fitted  for  the  work  of  assimilation,  is  discontinued.  The 
leaves  shrink  to  insignificant  scales,  for  with  the  loss  of  their  assimi- 
latory  activity  the  exposure  of  larger  surfaces  to  the  light  is  no  longer 
essential  for  nutrition.  For  the  same  reason  active  transpiration 
becomes  unnecessary  ;  the  xylem  portion  of  the  vascular  bundle  re- 
mains weak,  and  secondary  wood  is  feebly  developed.  In  conti^ast  to 
these  processes  of  reduction  resulting  from  a  cessation  of  assimilation, 
there  is  the  newly-developed  power  in  the  case  of  parasites  to  penetrate 
r>ther  living  organisms  and  to  deprive  them  of  their  assimilated  products. 
In  saprophytic  plants,  however,  where  the  question  is  merely  one  of 
absorbing  nourishment  from  organic  remains,  the  external  adaptations 
for  taking    up  nourishment  continue  more  like  those  for  absorbing 


the   mineral  aalta  from  the  soil,  for  it  then  depends  only  upon  I 
intimate  union  with  the  decaying  substances, 

Cuti'iUa  curupata  (Fig.  185)  may  be  cited  as  ■■"  "^" 

giiiii,  a  pUut  Iwlonjjiiig  to  llie  family  of  tlie  (._ ..„..,  _..     ^_ 

the  ^lasseaaiau  of  oiiloropliyll,  it  seems  to  some  extent  to  resoiiiblv  iiurnially  aisjndj 


Pio.  m.— CwmiloiropoM.    ().  ^    .„       .         „    ....    „ _ , 

puuineoii*  Wlllawtvlg;  h.  ndueed  Icavu;  Bl.  Huwiir-idaBMn.    On  ths  left,  croiu4«i 
Cha  lusl'pluit  W,  abowliiK  hiuilnrta  H  at  the  punulta  Ctu,  psnetnillait  Uie  carUol  puRlie 

and  iU  IntlmiltB  contact  Witll  lll»  x.il..n  i,t«/\  lh>  nl.1n.n.  .nrihi.v«^nl>rhiii.ill«  -  •    nin 

cap  Df  ihaLtlilliiE  (cJcnnchynin. 

Uting  plonta,  in  reality  tbe  amount  uf  i^lilornplijll  jirtiseut  is  small,  while  thv  lean 
arv  reduced  to  mere  scales.    And  as  the  devices  for  a  {larasitic  scquisiliuo  ofuov 
uent  are  so  easily  seeu,  mueh  more  so,  for  justatice,  tlian  hi  [larasitiia  which  ai 
their  liost-iilant  UDd^rground,  it  will  bo  at  oucv  eviilont  that  Ctaeuta  (Di 
affords  au  example  of  a  wonderfully  well-equippd  paiasite. 

Tbe  eniliryonie  Cuxata  pUntlet.  coiled  up  in  the  serds,  pushes  ti] 
groimd  in  tlie  Spring,  but  evou  then  it  malcei  no  use  of  ita  eotyledans  • 


uloowuhment ;  they  always  remuin  in  an  uiideveloijed  oonditiou  (Pig.  185,  at  the 

figlit).     XdT  does  any  underground  root  syatem  develop  from  iLc  jouug  rootlet, 

■hicli  however  soon  dies  off.     TIio  aeedling  betomea  at  once  drama  out  into  a 

long  tliin  filament,  the  free  end  of  wliich  moves  in  brood  circleii.  and  so  inevitably 

iliwovwi  any  plant,  available  bm  a  host,  that  may  be  growing  within  its  reach. 

In  caw  its  search  Tor  a  host-plant  is  llnsilccesanil,  the  seedling  is  still  able  to  crepp 

t  'ion  distance  fartber  at  the  expense  of  the  nourishing  matter  drawn  from  the 

oUht  extremity  of  the  filament,   which   then   dies  off  (t)  as   the   (frowing  ex- 

tnmity  lengthens.    If  the  free  end,  in  the  course  of  its  circular  movements,  comes 

Dllinulely  into  contact  with  a  proper  nourishing  plant,  such  as,  for  BS:ample, 

lln  stem  of  a  Settle  or  a  young  Willow  shoot  (Fig.  185,  in  the  oentre),  it  tminea 

cl/ttij  about  it  like  a  climbing  plant.     Papillose  protuberances  of  the  epidermis 

wedeicloped  on  that  aide  of  the  parBsitic  stem  in  contact  tvith  the  host-plant, 

•Kil  jMree  the  tissue  of  the  host.     If  the  conditions  are  favourable,  these  pkE- 

B*r»roiiiA  are  Boon  followed  by  special  organs  of  absorptiou,  the  hapbtobia  (if). 

iMie  are  peculiarly  developed  adventitious  roots  which  arise  from  the  internal 

'■*"«  of  the  parasite,  and  possess,  in  a  marked  degree,  the  oapsbitity  of  penetrat- 

1^  lo  s  coniuderabic  depth  into  the  body  of  the  host-plant  by  means  of  solvent 

'*niKit£  and  the  pressure  resulting  &om  their  own  growth.    They  invade  the  tissues 

'I  the  host,  apparently  without  difllculty,  and  fasten  themselves  closely  upon  its 

iKiiUr  bandies,  while  single  hyphal-like  filaments  produced  from  the  main  part  of 

tae  hsnatoria  penetrate  the  soft  parenchymatous  cells  and  absorb  nourishment  tram 

(iuni.      A  direct  connection  is  formed  twtween  the  xylem  and  phloem  portions  of 

Ihg  bundles  of  the  host-plant  and  the  conducting  system  of  the  parasite,  for  in  the 

lUn'WsUed  tiiuae  of  the  haustoria  there  now  develop  both  wood  and  sieve-tnbe 

'tmenU,  which  connect  the  aorresponding  elements  of  the  host  with  those  of  the 

fVMitie  Item  (Fig.  1S5,  at  the  left).     Like  an  actual  lateral  organ  of  the  host- 

|4ant,  the  parasite  draws  its  transpiration  water  from  the  xylem,  and  its  plastic 

it  matter  ^m  the  phloem  of  its  host.     The  haustoria  of  Orobanehe  (Broom 

^pe),  aunther  parasite,  penetrate  only  the  roots  of  the  host-plant,  and  only  its 

Ifht  yellow  or  reddish'brown  or  amethyst-coloured  tlower-shoot  appears  above  the 

ace  of  the  ground.     Orobanelit,  like  CuaeiUa,  also  contains  a  small  amount  uf 

rophjrll.     Both  are  dreaded  iieats ;  they  inflict  serious  damage  u|ion  cultivated 

wtM,  and  are  difficult  to  exterminate. 

Uiany  parasitic  planta,  especially  the  Ra^iiaaiM,   have  become  so  completely 

naformed  by  their  parasitic  mode  of  life  that  they  develop  no  apparent  vegetative 

"  ;  bat  grow  altogether  within  their  host-plant,  whence  they  send  out  at 

rvals  their  extraordinary  flowers.     In  the  case  of  Filistylti,  a  parasite  which 

ne  Asiatic  species  of  Attragatiu,  the  whole  vegetative  body  ia  broken 

■  inta  dngle  cell  hUmouti,  which  penetrate  the  host-plant  like  the  mycelium  of 

■'Jtangim.     The  (lowers  alone  lievume  visible  and  girotriide  from  the  leaf-axtls  of 

!•  hoMt -plant. 

In  addition  to  the«e  parasites,  which  have  come  to  be  absolutely 

dopcnileiit  njion  other  plants  for  their  nourishment,  there  are  certain 

{)BnLsit«s  which,  to  judge  by  external  appearances,  seem  to  be  quite 

indtrpuiident,  fur  they  posseea  large  green  leaves  with  which  they  are 

iible  to  assimilate  vigorously.       In  spit«  of  this,  however,  these  plants 

only  develop  normally,  when  their  root  system  is  in  connection  with 

the  roots  of  other  plants  by  means  of  disc-shaped  hauHtoria,     Thfsium, 

■  'twlonging  to  the  Stiatalactw!,  and  the  following  genera  of  the  Uhyniin- 
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thateae,  Bhinaiiihus,  Euphrasia^  and  Fedkuiaris,  may  be  mentioned  as 
examples  of  plants  showing  these  peculiar  conditions.  Another 
member  of  the  same  natural  order,  Melampyrum^  has,  on  the  other 
hand,  developed  a  saprophytic  mode  of  life.  The  Mistletoe  {Viscum 
album),  although  strictly  parasitic,  possesses,  nevertheless,  like  many 
of  the  allied  foreign  genera  of  the  Loranthuceae,  fairly  large  leaves 
well  supplied  with  chlorophyll,  and  fully  able  to  provide  all  the 
carbohydrates  required. 

Humus  plants,  like  some  of  the  Orchidaceae  (Neottia,  Coralliorrhizay 
etc.),  and  the  Morwtropeae,  are  restricted  to  a  purely  saprophytic  mode 
of  nutrition,  and  to  that  end  utilise  the  leaf-mould  accumulated 
under  trees.  The  thick  roots  or  rhizomes  of  these  plants  offer  so 
little  surface  for  the  absorption  of  nourishment,  that  it  appears  as  if 
the  threads  of  the  Fungi,  which  are  always  found  knotted  and  coiled 
together  in  their  outer  cells,  and  the  free  ends  of  which  spread  out  in 
surrounding  humus,  must  in  some  way  co-operate  in  their  nutritive 
processes. 

The  roots  of  green  plants  which  live  in  a  soil  rich  in  decaying  vegetable  matter 
possess  similar  fungoid  growths  which,  as  in  the  above-mentioned  Orchids,  lie 
partly  rolled  up  in  the  root-cells,  and  in  i)art  spread  out  in  the  humus.  Interwoven 
masses  of  hyphaj  sometimes  so  thickly  surround  and  encircle  the  young  root-tips 
that  a  direct  absorption  ])y  the  roots  from  the  soil  is  rendered  impossible.  These 
give  rise  to  a  formation  known  as  Mycorkhiza.  In  this  manner,  according  to 
Frank,  the  root- tips  of  the  forest-forming  Cupuliferac  and  Coniferae^  a.s  also  of 
many  Erkaccae^  are  always  covered  by  a  fungus  sheath.  This  fungus  vegetation 
appears  to  be  in  no  way  injurious,  but,  on  the  contrary,  probably  of  benefit,  at  least, 
judging  from  the  results  of  culture  experiments  made  with  these  plants  without 
mycorrhiza.  As  yet,  the  mutual  relations  existing  between  the  Fungi  and  the 
flowering  plants  is  not  fully  understood  ;  possibly  their  connection  may  be  a  sym- 
biotic one,  in  which  the  fungus  hyphaj  perform  for  the  trees  the  functions  of  the 
root-hairs,  and,  in  turn,  receive  from  the  tree  a  part  of  their  nourishment. 

A  marvellous  relation  between  roots  and  Bacteria  exists  in  the  case 
of  the  Leffuminosae.  It  has  long  been  known  that  peculiar  outgrowths, 
the  so-called  root-tubercles,  are  found  on  the  roots  of  many  Leffxi- 
minosae  (Bean,  Pea,  Lupine,  Clover,  etc.)  (Fig.  186).  Within  the 
last  few  years,  the  astonishing  discovery  has  been  made  that  these 
tubercles  are  caused  by  certain  Bacteria,  chiefly  by  Rhizohium  legumi- 
nosarum  (Barillus  mdicicolu).  These  Bacteria  penetrate  through  the 
root-hairs  into  the  cortex  of  the  roots,  and  there  give  rise  to  the  tuber- 
cular growths.  These  tubercles  become  filled  with  a  bacterial  mass, 
consisting  principally  of  swollen  and  abnormally  developed  (hypertro- 
phied)  Bacterioids,  but  in  part  also  of  Bacteria  which  have  remained 
in  their  normal  condition.  The  former  seem  to  be  eventually  consumed 
by  the  host-plant,  while  the  latter  remain  with  the  dead  roots  in  the  soil, 
to  provide  for  future  reproduction.  As  the  experiments  of  Hellrie(;rl 
and  the  investigations   of  Nobbe,  Beyerixck,   and  Frank   prove, 
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we  have  here  another  example  of  symbiosis,  in  which  the  Leguminosae 
farnish  carbohydrates  to  the  Bacteria,  which,  in  turn,  possess  the  power 
of  taking  up  free  nitrogen,  and  passing  it 
on  to  the  host  in  an  available  form  (p.  173), 
Hub  is  at  least  certain  ;  the  L^gumviosae 
with  such  tubercles  contain  at  matiiritj 
moi«  nitrogen  than  could  have  been  pro- 
cured from  the  nitrates  and  other  substances 
ID  the  soil  in  which  they  grow. 

In  addition  to  increasing  the  supply  of 
iiitr<^en,  the  presence  of  Wiizobium  seems 
to  exert  a  favourable  influence  on  the  growth 
of  its  host-plant.  Peas  and  Lupines  do  not 
thrive  well  in  even  the  richest  soil,  if  it 
has  been  sterilised,  and  the  formation  of 
-  the  tubercles  prevented.  On  the  addition 
of  other  unsterilised  soil  in  which  the  Bac- 
teria are  known  to  exist,  the  tubercles  will 
then  appear  on  the  roots,  the  plants  become 
at  once  stronger,  and  show  by  their  in- 
creased growth  a  greater  activity  of  their 
metabolic  processes. 

White  parasitism  or  saprophytism  is  of 
rare  occurrence  among  the  higher  plants, 
and  confined  to  single  species,  in  which  it 
often  occurs  only  irregularly  and  is  depen- 
dent uj>on  the  environment,  among  the 
lover  plants  it  is  more  general ;  large 
&miliea  with  innumerable  genera  and  species 

are  found  completely  devoid  of  chlorophyll  ''"■■  ""■—'»  "<"^  •»  ''"■'"  ""«. 
(Fungi  and  Bacteria),  and  altf^ether  para-  (nedncwi!) """"  '™  "  ™ "' 
•itic  or  saprophytic  in  their  mode  of  life. 

Of  the  Fungi  and  Bacteria  some  are  true  parasites,  and  are  often 
restricted  to  certain  special  plants  or  animuls,  or  oven  to  distinct 
organs;  others,  again,  are  strictly  saprophytic  in  their  habit,  while 
others  may  be  either  parasitic  or  saprophytic,  according  to  circum- 
stances. What  renders  the  conduct  of  these  lower  organisms  parti- 
cularly striking,  is  the  peculiarity  possessed  by  many  of  thum  of  not 
fully  utilising  all  of  the  organic  mutter  at  their  disposal ;  but,  on  the 
contrary,  so  decomposing  and  disorganising  the  greater  part  of  it  hy 
their  fermentative  activity  that  their  own  do^'elopmel1t  soon  becomes 
restricted.  When  yeast-fungi  develop  in  a  litie  of  graiKj-jiiice 
they  use  very  little  of  it  fooKheir  own  nourishment,  but  by  far  the 
greater  part  of  it  becomes  decomposed  by  the  fei-mcntation  tiiey 
induce.  As  a  result  of  this  fermentation,  together  with  the  pro- 
duction of  carbonic  acid,  the  grape-sugar  solution  becomes  converted 


into  an  alcoholic  liquid,  contaiuing  small  amounta  of  glyceriiu^ 
succinic  acid,  aod  ester-like  compounds  in  which  the  yeast  itself  can  no 
longer  thrive.  The  nourishing  material  of  the  litre  of  grape-juice  could 
have  supported  a  vastly  larger  quantity  of  yeast  had  the  fermentation 
not  set  in.  Id  the  same  manner,  when  Mucor-fungi  attack  an  appU^ 
they  not  only  take  the  small  amount  of  organic  matter  necessary  for 
their  sustenance,  but  at  the  same  time  convert  the  whole  apple  into 
a  soft  decaying  mass.  In  addition  to  this  peculiar  nutritive  activity, 
intramolecular  respiration  {p.  219)  is  also  active  in  the  promotion  of 
fermentation  and  putrefaction.  A  considerable  degree  of  heat  is  aim 
evolved  in  the  course  of  these  processes.  The  utilisation  of  this 
heat  in  making  hot-beds  is  a  familiar  practice.  The  beat  produced  by 
damp  fermenting  hay  or  raw  cotton  may  often  become  so  great  that 
spontaneous  combustion  ensues.  In  germinating  Barley  ou  increase 
in  temperature  of  from  40  to  70  or  more  degrees  has  been  observed. 
The  development  of  ao  much  heat  in  this  case  is  not  due  solely  to  tha 
respiration  of  the  barley  seeds,  but,  according  U)  CoHN,  to  the  deconi' 
posing  activity  of  a  fungus  {J sjierifiUus  /umigiUus).  The  spontaneou 
combustion  of  i-dvt  cotton  is,  on  the  other  hand,  caused  by  a  Micro- 
rocnis.  Coagulated  albumen  and  thick  gelatine  are  rendered  diiid 
by  many  Fnngi  and  Bacteria,  while  the  escaping  gases  (carbonic  aci(^ 
sulphuretted  hydrogen,  ammonium  sulphide,  ammonia,  etc.)  show 
how  deep-seated  is  the  decomposition.  It  is  by  similar  processes  ol 
decomposition  that  dead  organic  matt«r  becomes  ihoruugbly  dis> 
organised  and  rendered  harmless.  To  the  decomposing  action  of. 
Fungi  and  Bacteria  is  due  the  severity  of  many  diseases  which  ihey 
produce  in  living  organisms  {potato  disease,  wheat  smut,  cholera^ 
typhus,  diphtheria,  anthrax,  etc.).  By  the  possession  or  fonuation 
of  substances  (alexine,  antitoxine),  which  react  as  specific  poisons' 
upon  the  infecting  Bacteria,  plants,  and  ]iarticularly  animals,  in  tnni' 
protect  themselves  against  the  attacks  of  such  micro-organisms.  It  ia 
due  to  a  knowledge  of  this  fact  that  the  science  of  Therapeutics  hu 
been   enabled  to  cope  more  and  more   successfully  with  infectjoiit' 


Fungi  and  Bacteria,  in  addition  to  the  power,  dangerous  to  themr 
selves,  of  disorganising  their  own  nutrient  substratum  by  fermentatioB' 
and  putrefaction,  also  possess  the  capability  of  making  an  unsuitabk' 
substratum  suitable  for  their  sustenance.  By  means  of  invertingt 
ferments  they  can  convert  an  unsuitable  cane-sugar  into  an  avail&bls 
grape-sugar,  and  by  their  diastatic  ferments  thoy  are  able  to  form 
starch  from  glucose  and  maltose. 

As  is  evident  from  their  thriving  upon  such  ^-arious  substrata 
Fungi  have  the  power  of  producing  fnm  the  most  different  carboS' 
compounds  (and  also  from  nitrogenous  mineral  compounds  such  ta- 
I  taitrate,  or  even  ammonium  carbonate)  protoplasm,  ceQ 
lin,  fat,  glycogen,  etc.     It  is  also  an  astonishing  fact  that, 


» 


while  cettaiD  Fungi  and  Bacteria  do  not  require  free  oxygen  for  their 
development  (Anaerobionts),  others  (the  BO-called  aerobiotic  forms)  are 
unable  to  develop  or  indeed  to  exist  without  oxygen. 

AVTiile  many  Fungi  inflict  far  greater  injury  upon  their  host-plants 
by  the  decomposition  they  induce,  than  by  the  withdrawal  of  the 
nutritive  substances,  others  produce  a  difTerent  effect.  The  Rust-fungi, 
for  instance,  do  comparatively  little  injury  to  their  host ;  while  the 
relation  between  host  and  Fungus  in  the  case  of  the  Lichens  has  been 
•hown  to  be  absolutely  l>eneficial.  The  Lichens  were  formerly  considered 
to  be  a  third  group  of  the  lower  Cryptogams  and  of  equal  value  vrith 
the  Algae  and  Fungi.  It  is  only  in  recent  yearn  that  the  astounding 
discovery  was  made  by  De  Baby  and  verified  by  the  investigations 
particularly  of  Schw£NDKNER,  Rkess,  and  Rtahl,  that  the  body  of 
the  Licheus  is  not  a  single  ot^anism,  but  in  reality  consists  of  Algae 
(«.j7.  fission  -  Algae),  which  also  exist  in  a  free  state,  and  of  Fungi, 
which  for  the  most  part  belong  to  the  Aiomyceles.  The  Fungus 
hyphae  within  the  Lichen  weave  themselves  around  the  Algae  ;  and 
while  the  latter  occupy  the  upper  or  outer  side  of  the  leaf-like  or 
^lindrical  thallus  as  the  more  favourable  position  for  assimilation, 
tte  faypbae  come  into  the  closest  contact  with  them  and  absorb  from 
tbcm  part  of  their  assimilated  products.  The  Fungi  in  return  provide 
the  Algae  with  nutrient  water,  and  enable  them  to  live  in  situations 
Ed  which  they  could  not  otherwise  exist.  As  a  result  of  this  close 
union  with  the  Fungi,  the  Algae  are  in  no  way  exhausted,  but  become 
more  ^ngorous  than  in  their  free  condition,  and  reproduce  themselves 
by  cell  division.  As  both  symbionts,  the  Algae  as  well  as  the  Fungi, 
thus  derive  mutual  advantage  from  their  consortism.  Lichens  form  one 
of  the  most  typical  examples  of  vegetable  symbiosis. 

The  cause  of  the  regular  appearance  of  the  fission-Algae  JVosfcw 
and  Aaahariia  in  the  roots  of  the  Ci/auleae  and  in  the  leaves  of 
AzoUa  and  other  water-plants  is  much  less  easy  to  explain. 

InoouDMUon  witli  tlitMi-  (Mtses  of  syajbioHis  between  plants,  mpntiou  la*y  hpri 
b«  BUtde  of  the  umilar  lymbiotic  reUtion  existing  between  anlmaU  and  planta. 
Uka  th»  Liohcn-ritn^.  tito  lowar  animals,  accarding  to  Brihdt,  iiroGt  by  an 
■Tifiiltirm  witli  unicgllular  A/fu  by  atijiropriating  theii  assimilated  products  with- 
out at  til*  name  time  itiaturbing  tlie  purformance  of  their  functions.  Fresh-water 
Poljla  (llj/dra),  Sponge*  {Spo-ngilla),  CiliiUa  {SUiUor.  FaTameeitlia),  also  Helio- 
Bow,  Vtrmfa  (Planaria),  and  Aiaotbae  {A.  prutcut)  are  often  characterised  by  a  deep 
green  colour,  ilun  to  uiimeraus  AIrkr  which  they  harbour  within  their  bodies,  and 
ftmn  the  prndnct»  or  whose  assimilation  they  also  derive  nourishment.  In  the  case 
of  th*  Badlolarias.  the  B(i.esll«l  "  yellow  oells,"  which  have  been  distinguished  as 
yWtm  aniaellnlar  Heawneds.  fuuction  iu  the  same  way  as  the  gresu  Algae  in  the 
ather  iiutanws-  Another  rsmarkable  example  of  sjmluoaia  in  wliioh  the  relation- 
•hip  b  not  ima  menly  of  simple  nntrition.  has  been  developed  bvtwsen  certain 
plants  and  anta.  The  so-oalted  Ast-plasts  [Myrmeo^T/tae)  offer  to  certain  small 
■imrinely  warlike  ant*  •  dwelling  in  convement  cavities  of  the  stems  (Orri^'iii). 
in  hollow  thorns  {Aeaeia  tpadieiijera  nnd  iqilnifnterphata.  Fig.  187,  AO,  in  swollen 


BDii  iiinated  iiitoriiodes  {Cordia  nudaia).  or  in  ibv  Inbyrinthine  paimag^E  of  their 
largfl  stem-tubors  {Myrmecodia).  At  the  sbidb  time  the  ants  «re  proiided  wilk 
food  in  the  case  of  the  Cecropijis  and  Acacias  in  tlie  fona  of  slbunuoous  fatty 
bodies  ("food  bodies,"  Fig.  187,  F),  and  by  the  Acacias  also  with  neclar.  Tit 
anU  in  cxcliange  guard  the  planta  most  effectively  against  the  inroadj  of  animal 
foes  u  well  as  against  other  loaf-outtinB  species  of  auts,  which,  in  the  AmerieiB 
tropes,  kill  trees  by  completely  and  rapidly  divesting  tbem  of  th^ir  entire  foliagi. 
Those  eaioB  leaf-cutting  auta  live  in  symbiosis  with  a  Fungus  (/TuiiiWifoKjrtf/opAoro). 
Upon  the  accumulated  leaves  ("Fungus-gardens"),  according  to  M6LLEII,  th«  anti 
make  pure  cnlturea  of  the  fongus  mycelium,  whose  peculiar  nutritive  outgrowtba 
serve  them  exclusively  for  nourishment.  Other  familiar  eiamples  of  symbiori* 
are  (hose  existing  between  flowers  and  birds  or  insects.  The  flowers  in  these 
instances  ]irovide  the  nourisbment,  usually  nectar  or  pollen,  but  sometimea  bIm 
the  ovules  (Yucca-moth  and  the  gall-wasp  of  Die  ligure),  n-hile  the  animals  ara 


;,  Leaf  and  I»rt  of  iteni ;  S,  liollu«  Iliomi  iii  wWcli  thf  itiI* 
II  theapicet  ortlie  lower  plDDuln;  X,  noclaiyonllie  petlolr.    (Rnliiced.} 
It,  Single  plntiale  with  food-bod}',  F.    (Somewhat  cnluged.) 

instrumental  in  the  pollination.  Here  also  each  symbiont  b  dependent  ui«n  the 
otfier.  In  tbe  case  of  tbe  unintentional  dissemination  of  fruits  and  seeds  by  lh< 
agency  of  animals,  tbe  symbiotic  relations  are  less  close. 

Of  all  the  different  processes  of  supplementary  nutrition  employed 
by  plants,  tliose  exhibited  by  Insectivorous  Planta  in  the  capture  and 
digestion  of  animals  is  unqueBtiunably  the  most  curious.  Althougli 
they  are  green  plants  and  in  positions  to  provide  their  own  organic 
nourishment,  they  have,  in  addition,  secured  for  themselves,  by 
peculiar  contrivances,  on  extraordinary  source  of  nitrogenous  urganio 
matter,  by  means  of  which  they  are  enabled  to  sustain  a  more  vigorous 
growth,  and  especially  to  support  a  greater  reproductive  activity,  than 
would  otherwise  be  possible  without  animal  nourishment.  It  is  not 
accidetital  that  the  plants  which  have  become  cftrnivorons  are,  for  the 
most  part,  either  inhabitants  of  damp  places,  of  water  swamps,  and 
moist  tropical  woods,  or  that  they  are  epiphytes.     The  nitrogenout 


utd  phosphoric  salts  of  the  soil  are  not  obtained  by  iheiii  in  the  same 

quantities  aa  in  the  ease  of  the  more  vigorously  transpiring  land-plants. 

This  is  very  evidently  the  ease 

in  the  Sundew  (Droiern),  which 

is  loosely  attached  by  a  few  roots 

npon   a   thick   spongy   carpet    of 

Bog-moss,  and  must  find  in  the 

animal  food  a  valuable  addition 

to  ite  nitrogenous  nourishinent. 


» 


A  grt»t  variety  of  contri\aii«i>a  tor 
the  laptiiro  <tf  inaootB  are  mmlo  use  of 
hy  cimuvorDus  pl&nt*.  The  ]-»vrs  of 
Dmtra  ue  coyeted  withsUlk-likuriiit- 
gniwthi  ("tentacles"},  the  gkiidukr 
Mtremities  of  whicti  discharge  s  visuid 
•cid  sccretioQ  (Figs.  188  and  115].  Any 
WwU  JDficct,  or  «ven  Uri;er  By  or  moth, 
wfcicb  cniueBinrjintHCt  with  nnjof  the 
talaclei  ii  canght  in  the  dticky  tieore- 
tian,  and  in  its  ineffectual  struggle  lo 
fr*>  Itself  it  only  camee  in  cnutiKt  with 
Mhtr  gisnda  and  is  even  mnnt  Mcuruly 
held.  Excited  by  the  contact  stimulus, 
sti  the  other  loutacles  curve  over  aud 
cImc  ii|iod  the  captured  insect,  while  ^^ 
■he  leaT-lMaina  itaulf  becomes  concave 
awl  •nrraanda  the  smaU  prisoner  more  closely.  The  seen 
mive  abundantly,  and  contains,  in  addition  to  an  increased 


S^^y>, 


a  is  then  d 
ntity  of  formic  acid, 
a  peptonising  ferment.  The  im- 
prisoued  insect,  becoming  thus 
completely  covered  with  the  secre- 
tion, perishea.  It  )s  then  slowly 
digcHted,  and,  together  with  the 
secretion  itself,  is  absorbed  by  the 
cells  of  the  leaf. 

In  Pinguicula  it  is  the  leaf- 
margins  which  fold  over  any  small 
insects  that  may  be  held  by  the 
minute  epidermal  glands.  In 
Hpecies  of  I'lnatlaria  (Fig.  34), 
growing  frequently  in  itagnant 
,  water,  small  green  bladders  (meta- 
t  morphosed  Inif-tips}  are  found  on 
'  the  tips  of  the  dissected  leaves. 
In  each  bladder  there  is  a  Kmall 
oprning  clowd  by  an  elastic  valve  which  only  opens  inwards.  Small  snails  ami 
onutaoeaiii  ran  readily  pass  through  this  opening,  guided  to  it  by  special  out- 
growths ;  hnl  their  Mgrew  is  [in'Tcnted  by  the  trap-like  action  of  the  valve,  ijo  that 
ia  OM  bladder  aa  many  as  ten  or  twclre  crustaceans  will  often  be  found  imprisoned 


at  the  same  tinif.     Tlie  absurptiou  of  tlii>  diaargaiiised  atiimnl  remains  seems  in  Iw 

performed  hj  forked  liairs  wliicb  spring  Iroiii  tlie  walla  of  the  liliulder. 

Hare  reniBrkalilH  stilli  aud  even  better  adapted  for  its  purpose,  in  the  tneclianislu 

exhibited  by  other  and  now  well-knowD  inHnctiroroUR  pknt«.  Id  the  cue  or 
Venus  Fly-trap  {Dionaea),  growing  iu  the  peat  bogs  of 
North  Carolina,  the  capture  uf  insects  is  effected  l>y 
the  sudden  Dicing  together  of  the  two  halves  of  the 
leaves  (Fig.  189).  This  action  is  especially  due  to 
the  irritability  of  three  bristlBs  on  the  upper  side  of 
each  half-leaf  (the  leaf  surfaces  theniselve«  are  much 
less  sensitive).  Upon  tho  death  of  the  insect  caught 
by  tho  leaf,  a  copioos  excretion  of  digestive  lup 
takes  place  from  glandular  hairs  on  the  leaf  aurrace, 
followed  by  the  absorption  of  tho  products  of  the 
digestive  sulutiou.  In  the  case  of  other  well-known 
iusei'tivorouB  plants  (A'epinthtl,  CepkaUtus,  Sarra- 
ccaiu,  DarHjigtottia),  the  traps  for  tho  capture  of 
uuimal  food  are  formed  by  the  leaves  which  grow  in 
the  shape  of  pitchers  (Figs.  33,  190).  These  trap- 
like  receptacles  are  partially  filled  with  a  watery  fluid 
E-xereted  from  glands  on  thuir  inner  surfaeeii.  En- 
tilled  bj  secretions  of  honey  to  the  rim  of  the  pitclier 
(in  the  case  of  Ntpmthis),  and  then  slipping  on  the 
i-.\traordiuiU'i!y  smooth  surface  below  the  margui,  or 
guided  by  the  downward-directed  hair*.  inseclE  and 
otlicr  small  animals  finally  fall  Into  the  fluid  and 
me  tijere  digested  hy  the  action  of  fernienla  and 
ncids.  In  Sarraeenia  and  Ctphalotut,  O0K8RL  was 
unable  to  discover  any  digestive  fenneuta ;  but  in  < 
Ceplialotut,  however,  it  was  {loesible  to  detsrniioa 
t  that  tlie  HHcretJons  have  antiseptic  properties.  Th* 
'  lid-like  appendage  at  the  opening  of  tlie  pitoh«r  of 
A'rptnthea,  Sarraefnta,  and  CqiAalatia  doos  not  shut ; 
I  itM  liinetion  Keems  to  be  merely  10  [ircvent  foreign  1 
substances  from  falling  into  the  pitcher,  and  parti- 
cuUrlj-  to  keep  out  the  rain.     Tlie  entrance  to  ths 

tubular  leaves  of  Airlt'nfffi'iiin  is  iiudi^r  the  helmet-like  eilremity,  and  therefore 

a  lid  is  unnecessary. 


III.  Respiration 

It  is  a  matter  of  uommoii  kiiowleJgo  that  animals  are  unable  to 
exist  without  breathing.  In  the  higher  animals  the  process  of  respira- 
tion is  so  evident  as  not  easily  to  eseape  notice,  but  tho  fact  that 
plants  breathe  is  not  at  once  so  apparent.  Just  as  the  method  of  tho 
nutrition  of  gt^en  plants  was  only  discovered  by  experiment,  so  it  also 
retjuired  carefully  conducted  experimental  investigation  to  demon- 
strate that  PLANTS  ALSri  MUST  BREATHE  IN  ORDEK  TO  LI\'i!:  1   that,  like 

animals,  they   take  up  oxygen  and  give  off  carbonic  add.      Even 
LifiBia  in  1840,  in  his  epoch-making  work  (IHe  tirfjamtche  Chevtie  in 


iMrrr  Anwendang  auf  AgrieuJhir  miii  I'liysintc^c),  showing  the  applica- 
tion of  ot^anic  chemistry  to  agriculture  and  physiology,  refused  to 
believe  in  the  respiration  of  plants.  Although  the  question  had 
already  lieen  thoroughly  investigated  by  Saussure  in  1S22,  and  by 
DrTRoCHET  in  1837,  and  its  essential  fentiirea  correctly  interpreted, 
I.lEBKi  pronounced  the  belief  in  the  respiration  of  plants  to  be  opposed 
M  all  facts,  on  the  ground  that  it  was  positively  proved  that  plants 
on  the  contrary  decomposed  carbonic  acid  and  gave  off  the  oxygen. 
He  asserted  that  it  was  an  absurdity  to  suppose  that  both  processes 
were  carried  on  at  the  same  time ;  and  yet  that  is  what  occurs. 

A8SIH1LATIUN  AND  RESriHATlON  ABE  TWO  DISTINCT  VITAL  PRO- 
CES.tES  CARRIED  OS  INDEPENDENTLY  BY  PLANTS.  WHILE  IN  THE 
PROCBSS  OF  ASSIHILATKJN  green  PLANTS  ALDNE,  AND  ONLY  IN  THE 
LtCHT,  DECOMPOSE  CARBONR"  AVID  AND  CilVE  OFF  OXYGEN,  all  PLANT 
URCANB  WITHOLT  EXCEPTION  BOTH    BY    DAY   AND   BY    NIGHT    TAKE    UP 

iiXYOKK  AND  GIVE  OFF  CARBONIC  ACID.  Organic  Substance,  obtained  by 
aaaimilation,  is  in  turn  lost  by  respiration.  A  seedling  grown  in  the  dark 
so  that  assimilation  is  im|JOssible,  loses  by  respiration  a  considerable  part 
of  its  organic  substance,  and  its  dry  weight  is  considerably  diminished. 
It  has  been  found  that  during  the  gei-mination  of  a  grain  of  Indian  Corn, 
K  full  half  of  the  organic  reserve  material  is  consumed  in  three  weeks. 
That  green  plants  growing  in  the  light  accumulate  a  considerable 
surplus  of  organic  substance,  is  due  to  the  fact  that  the  daily  production 
of  mattirial  by  the  assiniilatory  activity  of  the  green  portions  is  greater 
than  the  constant  loss  which  is  caused  by  the  respiration  of  all  the 
orj^iB.  Thus,  according  to  Boussinoault's  estimates,  in  the  course 
of  one  hour's  assimilation  a  plant  of  Sweet  Bay  will  produce  material 
sufficient  to  cover  thirty  hours'  respiration. 

The  (juestion  may  be  asked,  why  then  is  respiration  essential  to 
life  1  It  cannot  he  that  its  im{H)rtance  for  plants  arises  from  the 
loss  of  substance ;  that  would  be  but  a  mere  waste  of  material 
vrhich  had  been  previously  elaborated  by  the  plant.  A  means  of 
jurlging  of  the  importance  of  respiration  is  afforded  by  the  behaviour 
of  the  plants  themselves  when  deprived  of  oxygen.  By  placing  them, 
for  example,  under  a  jar  containing  either  pure  nitrogen  or  hydrogen,  or 
in  one  from  which  the  air  has  been  exhausted,  it  will  then  be  found  that 
■II  vital  activity  soon  comes  to  a  stand-still  ;  plants,  previously  growing 
vigorously,  cease  their  growth  ;  the  streaming  motion  of  the  protoplasm 
ill  the  cells  is  suspended,  as  well  as  all  external  movement  of  the 
organs.  Motile  oi^ans  of  plants  become  stiff  and  rigid  and  sink  into 
a  death-like  condition.  If  oxygen  be  admitted,  after  not  too  long  an 
iDt«rval,  the  interrupted  performance  of  the  vital  function  is  again 
renewed.  A  longer  detention  in  an  atmosphere  devoid  of  oxygen  will, 
however,  irrevocably  destroy  all  traces  of  vitality  ;  as  in  every  condi- 
tion of  rigor  internal  chemical  changes  take  place,  which,  by  a  pro- 
longed exclusion  of  oxygen,  lead  to  the  destniction  and  disorganisation 
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of  the  living  substance.     The  presence  of  oxygen  is  necessary  to 

THE  CHEMICAL  PROCESSES  TAKING  PLACE  WITHIN  THE  CELL,  IN  ORDER 
TO  MAINTAIN  THE  LIVING  SUBSTANCE  IN  A  CONDITION  OF  NORMAL 
ACTIVITY. 

The  absorption  of  oxygon  and  the  evolution  of  carbonic  acid  by  living  plants 
can  be  demonstrated  both  qualitatively  and  quantitatively  by  simple  experiments. 
From  what  has  already  been  said  of  the  contradictory  nature  of  assimilation  and 
respiration,  it  will  be  at  once  apparent  that  these  experiments  must  be  conducted 
either  in  the  dark  or  on  portions  of  plants  devoid  of  chlorophyll.  Coloured  or 
white  flowers,  roots,  germinating  seeds  and  Fungi  furnish  suitable  objects  on 
which,  at  any  time,  the  gaseous  interchange  occuriing  during  respiration  may 
be  observed.  The  more  abundant  the  protoplasm  and  the  more  energetic  its 
vital  activity,  so  much  the  more  vigorous  is  the  respiration.  The  best  results  are 
obtained,  therefore,  from  young  portions  of  plants  in  an  active  state  of  growth. 
It  should  also  be  mentioned  that  from  the  following  experiments  only  the  carbonic 
acid  and  not  the  whole  of  the  products  of  the  respiratory  activity  are  determined. 
From  theoretical  considerations,  and  also  from  exact  cliemical  analysis,  it  has  been 
definitely  established  that,  in  addition  to  carbonic  acid,  water  I8  formed 

FROM  THE  organic  MATTER  BY  RESPIRATION. 

The  absorption  of  oxygen  and  the  formation  of  carbonic  acid  may  be  clearly 
shown  by  the  following  experiments  (Fig.  191).  A  flask  {B)  filled  with  young  mush- 
rooms or  Composite  flowers  is  inverted  with  its  mouth  in  an  open  vessel  of  mercury 
(Q)f  and  a  few  centimetres  of  caustic  potasli  solution  introduced  within  its  neck. 
In  the  same  degree  as  the  carbonic  acid  produced  by  respiration  is  absorbed  by  the 
caustic  potash,  the  volume  of  air  in  the  flask  will  be  reduced  and  the  mercury  will 
rise  in  the  neck.  After  a  time,  the  ascent  of  the  mercury  ceases  and  it  remains 
stationary.  If  the  quantity  of  air  remaining  in  the  flask  be  estimated,  it  will  be 
found  that  it  has  lost  a  fifth  of  its  original  volume  ;  this  means,  however,  that  the 
whole  of  the  oxygen  (which  makes  up  one-fifth  of  the  atmospheric  air)  has  been 
absorbed.  If  caustic  potash  is  not  used  in  this  experiment  to  absorb  the  ex- 
haled carbonic  acid,  the  mercury  remains  at  its  natural  level,  or,  in  other  words, 
the  volume  of  air  in  the  flask  remains  unchanged.  From  this  exiKjriment  it  is 
apparent  that  the  volume  of  oxygen  absorbed  is  equal  to  the  volume  of  carbonic 

CO. 
acid  evolved,  as  expressed  by  the  formula  -^-=1.     This  equivalence  of  volume 

between  the  oxygen  absorbed  and  the  carbonic  acid  exhaled  exists  only  in  cases 
where  the  oxygen  is  used  exclusively  for  respiration,  and  not  where  it  is  con- 
sumed in  transforming  the  contents  of  the  cells,  as  is  observed  in  the  germination 
of  seeds  rich  in  fat,  and  in  the  interchange  of  gases  in  the  case  of  the  succulents. 
In  the  germination  of  seeds  rich  in  fat,  the  fat  is  converted  into  carbohydrates 
richer  in  oxygen.  The  oxygen  consumed  remains  combined  in  the  plant.  On  the 
other  hand,  in  the  case  of  the  succulents,  their  peculiar  jwwer  of  efl'ecting  oxidation 
during  the  night  and  subsequent  deoxidation  in  the  light,  modifies  the  gaseous 
interchange  of  resj^iration. 

The  absorption  of  oxygen  in  the  respiration  of  plants  can  also  be  shown  by  the 
fact  that  a  flame,  held  in  a  receptacle  in  which  plants  have  been  kept  for  a  time,  is 
extinguished.  If  a  lighted  taper  be  thrust  into  a  glass  cylinder  which  has  been 
j>artially  filled  with  flowers  or  mushrooms,  and  then  tightly  covered  and  allowed 
to  remain  for  a  day,  it  will  be  extinguished,  as  the  oxygen  of  the  air  in  the 
cylinder  will  all  have  been  absorbed.     The  carbonic  acid  exhaled  in  respiration  can 
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J    b«  quantitatively  di'tcnniiieil  Troiii  the  iacTt^ase  in  tbi)  weight  of  tile  cnuEtic  potusli 

bf  wLioh  it  has  been  absorbed,  or  from  the  amount  of  barium  carhoDate  preoipi- 

[   t*te<i  bj  condncting  the  Tespirud  oarbonic  acid  through  l)ar;t&  water  (to  which 

!   BaCI,   has  ln!en  added).      lo   this   last  csperiment  it  will   oi    oourae  he 

o  free  the  air  from  all  traces  of  carbonic  acid  before  it  is  admitted  to  the 
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Intramolecular  Respiration. - 
PflI'gkii  made  the  siirjirising 
discovery  that  frogs  are  not 
only  able  to  live  for  Bome  time 
in  an  atmosphere  devoid  of 
oxygen,  but  even  continue  to 
exhale  carbonic  acid.  From 
eimilar  investigations  it  was 
found  that  plants  also,  when 
deprived  of  oxygen,  do  not  die 
tl  once,  but  can  prolong  their 
life  for  a  time  and  evolve  car- 
bonic acid.  Under  these  cir- 
cumstances it  is  apparent  that 
both  elements,  the  carbon  us 
well  as  the  oxygen,  must  be 
derived  from  the  organic  sub- 
Kanco  of  the  plants  themselves : 
the  oxygen  can  only  be  ob- 
tuned  through  some  unusual 
process  of  decomposition  carried 
on  within  the  plant.  This  form 
of  respiration  has  consequently 
been  described  as  intramole- 
cular. 

The    amount    of    carbonic 
uid  produced  in  a  given  time 

by  intramolecular  respiration  is      

Usually  less  than  ttiat  given  olf  Pia.  n 

in  the  siuue  time  during  normal 

respiration.     There  are  plants,       Through  the  "abwtptioo  or  ti 

however     (for     instance,      I'tCUl         ''»'"'  '"  rMpUaUQU,  by  Oie  >olutiDn  at  eaiutle 

faba),   whose  seedlings,   in  an       p^^^'MK).  u.^  m,«ur).(«ri»„.  i- th.  b«i,  of 
atmosphere  of  pure  hydrogen, 

will  exhale  for  hours  a«  much  carbonic  acid  as  in  the  ordinary  air. 
During   intramolecular  respiration  all   growth  ceases  and  abnormal 

eases  of  decomposition   take  place,  whereby  alcohol  and  other 

ucts  are  formed. 


iipiin   the   living 


!t  li»d  rorraiFrl}'  been  belisved  that  the  inciting  cat 
'--J   activil;  of  the  oxygi-ii.    ivhifh   wna   thought 


aubstance  in  tha  unie  way  as  upou  an  easily  oxidiaed  body.  But  tlie  discovery  or 
intramalecular  reBpiradou  led  to  a  new  uonueptioD  of  the  proveascs  ut  nonnal 
respilatioli.  According  to  it,  the  proto|i)aaiu  SDuma  by  ila  vital  activity  constantly 
to  produce  one  or  more  substances  which  greedily  aeize  upou  Dxygeu.  The  aflinity 
of  these  subalanoea  for  oxygen  is  no  great  that,  in  cose  no  free  oxygen  is  at  their 
disposal,  they  deconiposa  and  take  it  from  the  protopiasoiii:  subalance  itaelf  (just 
as  chlorioe  has  tlie  power  of  decomposing  other  compounds  to  combine  with 
hydrogon).  Plants  breathe,  accordingly,  not  as  a  result  of  the  decomposing 
oxidation  of  the  oxygen  in  the  air,  but  they  absorb  osygau  because  respiration  is 
essential  to  the  performance  of  those  metabolic  processes  on  the  continuance  of 
wliich  thoir  own  Titality  depends.    Respiration,  ukb  nuthition  and  oimiwth, 

IS  AS  EXPftBBSION  OF  A  PAKTICrLAR  VITAL  ACTITITT  OF  THE   PBOTOFLASM.       From 

this  standpoint,  it  is  at  oace  evident  that  respiration  becomes  intenaiBed  with  every 
increase  in  the  vital  activity,  and  on  the  other  hand,  d»sireaflea  with  every  diminu- 
tion of  the  vital  functions. 

To  understand  the  physiological  reason  or  the  e.iiatence  of  such  a  vital  Jiro- 
coHs  as  respiration  is  more  difficult.  Tlic  behaviour  of  pbnCa  iu  an  Btmosi>Uera 
free  from  oxygen  demonstrates,  at  all  events,  that  nonnal  respiration  is  reiiniatl« 
for  the  vit«l  activity  of  the  protoplasm  ;  that,  through  it,  in  a  word,  the  equilibrium 
of  the  living  substance  is  disturbed,  and  ao  the  stiuiulus  given  to  Airther  moU- 
eular  movements  and  renewed  vital  activity.  Through  the  disturbing  activity 
of  respirstiou,  the  energy  of  the  protoplasm  is  ooutinnally  aroused,  anil 
the  latent  forces,  accumulated  through  the  operation  of  the  vital  processes,  are 
again  set  free  :  it  is,  in  other  words,  the  specific  source  of  all  vital  energy.  In 
intramolecular  Tcapiration,  the  neceasity  for  oxygen  disturbs  the  equilibrium  in 
an  unnatural  way,  and  sots  &ee  forves,  which  lead,  not  to  the  continuance  of  the 
vital  activity,  bat  to  the  destruction  of  the  living  substance. 

Tlut  specific  vital  energy  can  be  otherwise  derived  than  tlirough  the  utilisation 
of  (Vee  oxygon  is  shown  in  the  casn  of  the  Auaerobionts  (p.  213),  whieh  live  and 
multiply  without  the  pi'esence  of  &ee  oxygen.  The  formation  of  ferriu  hydroxide 
by  the  so-called  tuoK  bacteria,  as  well  as  the  production  of  sulphuric  acid  by  the 
t^rLFBCK  eAt-'TEGiA,  is  probably  the  result  of  an  attempt  on  the  jiart  of  those  roicro- 
organihrns  to  substitute  other  sources  of  energy  for  normal  respiration. 

The  energy  gained  by  the  absorption  of  oxygen  is  accompanied  by 
a  loss  of  combustible  organic  substances.  This  loss  is  first  felt  by  the 
protoplasmic  body  itself,  but  is  soon  made  good  again  at  the  expense 
of  the  carbohydrates  and  fats ;  so  that  no  permanent  loss  of 
protoplasmic  substance  from  respiration  is  perceptible,  but  a  VISIBLE 

DIMINUTION  OF  THE  CARBOHYDRATE.'*  AND  FATS  CAN  HE  DETKCTKD. 

Heat  produced  by  Respiration. — Respiration  is,  chemically  and 
physically  considered,  a  process  of  oxidation  or  combustion,  and,  like 
them,  is  accompanied  by  an  evolution  of  heat.  That  this  evolution 
of  heat  by  plants  is  not  perceptible  is  due  to  the  fact  that  considerable 
quantities  of  heat  are  rendered  latent  by  transpiration,  so  that 
transpiring  plants  are  usually  cooler  than  their  environment ;  and  also 
to  the  fact  that  plants  possesB  very  large  ntdiating  surfaces  in  propor- 
tion to  their  mass.  The  spontaneous  evolution  of  heat  is  easily  shown 
experimentally,  if  transpiration  and  the  loss  of  heat  by  radiation  are 
prevented  and  vigorously  respiring  plants  &re  selected.     Germinating 


PHYSIOLOGY 


seeds  (Peas),  if  examined  in  large  quantities,  show  under  proper 
conditions  a  rise  in  temperature  of  2"  C.  The  greatest  spimtaneous 
evolution  of  heat  manifested  by  plants  has  been  observed  in  the 
inflorescence  of  the  Jraceae,  in  whiuh  the  temperature  was  increased  by 
enei^tic  respiration  10°,  15°,  and  even  20°  C.  Also  in  the  large 
flower  of  the  Vietoria  regia  temperature  variations  of  15°  C.  have  been 
shown  to  be  due  to  respiration.  One  gramme  of  the  spadix  substance 
of  au  Araeeae  exhales,  in  one  hour,  up  to  30  cubic  centimetres  COj ; 


and  half  of  the  dry  substance  (the  reserved  sugar  and  starch)  may  be 
consumed  in  a  few  hours  as  the  result  of  such  vigorous  respirations. 

Tb«t  other  proceaseB,  in  addition  to  rpspintion,  co-operate  in  the  production 
of  brat  in  appArent  from  the  f&ct  that  tliv  umaunt  or  lie^t  evolved  does  not  vary 
proportionally  to  tlie  carbonic  acid  exhaled.  The  liigb  temperature  (up  to  TO"  C.) 
obnerT&ble  in  germiaating  Barley  does  not  result  Trom  respiration  slotie,  but  is  due 
to  the  decomposing  activity  of  a  Fungus. 

The  Movflment  of  Gases  within   the  Plant. — The  entrance  of 
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oxygen  into  the  plant  body  is  not  accompanied  by  any  respiratory 
movements,  as  in  the  case  of  animals ;  but  takes  place  solely  through 
diffusion.  Those  cells  which  are  in  direct  contact  with  the  air  or 
water  can  absorb  their  requisite  oxygen  directly ;  while  cells  in  the 
midst  of  tissues  are  dependent  upon  ^  the  oxygen  which  can  diffuse 
through  the  surrounding  cells.  Such  a  diffusion  from  cell  to  cell 
would  not,  however,  be  adequate,  in  the  case  of  the  vast  cellular 
bodies  of  the  higher  plants,  to  provide  the  living  cells  of  the  interior 
with  a  sufficient  supply  of  oxygen.  This  is  accomplished  by  means  of 
the  air-spaces,  which,  as  interckllular  passages,  penetrate  the  tissues 
in  all  directions  and  so  bring  to  the  protoplasm  of  the  inner  cells  the 
air  entering  through  the  STOMATA  and  LENTICELS  (p.  143).  That  the 
intercellular  spaces  were  in  direct  communication  with  each  other 
and  also  with  the  outer  atmosphere,  was  rendered  highly  probable 
from  anatomical  investigation,  and  has  been  positively  demonstrated 
by  physiological  experiment.  It  is,  in  fact,  possible  to  show  that  air 
forced  by  moderate  pressure  into  the  intercellular  passages  makes 
its  escape  through  the  stomata  and  lenticels;  and  conversely,  air 
which  could  enter  only  through  the  stomata  and  lenticels  can  be 
drawn  out  of  the  intercellular  passages.  The  method  of  conducting 
this  experiment  can  be  seen  from  the  adjoining  figure  (Fig.  192). 
Through  the  cork  of  the  bottle  (G),  which  is  partially  filled  with  water, 
a  glass  tube  (li)  and  a  leaf  (P)  are  inserted  ;  when  the  air  in  the  bottle 
{Q)  is  drawn  out  by  suction  through  the  glass  tube  (R),  a  stream  of  air- 
bubbles  passes  out  through  the  intercellular  spaces  of  the  severed  leaf- 
stalk, and  is  maintained  by  the  air  entering  through  the  stomata  of 
the  leaf-lamina.  By  a  similar  experiment  it  can  also  be  shown  that 
in  corky  stems  the  communication  between  the  intercellular  spaces 
in  the  medullary  rays,  cortex,  and  wood  and  the  external  atmosphere 
is  maintained  through  the  lenticels.  The  movement  of  the  gases 
within  the  intercellular  spaces  is  due  partly  to  the  diffusion,  induced 
by  the  constant  interchange  of  gases  caused  by  respiration,  assimila- 
tion, and  transpiration,  and  partly  to  their  own  instability,  arising 
chiefly  from  modifications  of  the  temperature,  pressure  and  moisture  of 
the  surrounding  atmosphere,  but  which  is  also  increased  by  the  move- 
ment of  the  plants  themselves,  through  the  action  of  the  wind. 

Intorct'llular  air-si>aces  are  extensively  developed  iu  water  and  marsh  plants, 
and  occupy  the  greater  i)art  of  the  plant  body.  The  submerged  portions  of  water- 
plants  unprovided  with  stomata  secure  a  special  internal  atmosphere  of  their 
own,  with  which  their  cells  maintain  an  active  exchange  of  gases.  This  internal 
atmospliere  isin  turn  replenished  by  the  diffusion  taking  place  with  the  surround- 
ing atmosphere.  In  marsh-plants,  which  stand  jmrtly  in  the  air,  the  large  inter- 
cellular spaces  form  connecting  canals  through  which  the  atmospheric  oxygen, 
withcmt  being  completely  exhausted,  can  reach  the  organs  growing  deep  in  the 
swampy  soil,  surrounded  by  marsh-gas  and  otherwise  cut  off  from  any  communica- 
tion with  the  atmosphere. 
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Phosphorescence. — The  same  conditions  which  accompany  respira- 
tion also  give  rise  to  the  production  of  light  or  phosphorescence  in  a 
limited  number  of  plants,  particularly  in  Fungi  and  Bacteria.  This 
phosphorescence  at  once  disappears  in  an  atmosphere  devoid  of  oxygen, 
only  to  reappear  on  the  admission  of  free  oxygen.  All  the  circum- 
stances which  facilitate  respiration  intensify  phosphorescence;  the 
converse  of  this  is  also  true.  According  to  the  results  of  investigations 
concerning  the  phosphorescence  of  animals,  from  which  that  of  plants 
does  not  probably  differ  in  principle,  the  phosphorescence  is  not 
directly  dependent  upon  the  respiratory  processes,  but  is  due  to  the 
production  by  the  protoplasm  of  a  special  colloid  substance  in  the 
form  of  globules  or  granules,  which  give  out  light  when  undergoing 
crystallisation.  On  free  exposure  to  the  atmosphere,  and  under  proper 
conditions  of  moisture  and  temperature,  this  phosphorescent  substance, 
even  after  its  removal  from  the  living  organism,  is  still  capable  of 
giving  out  light  for  a  long  time. 

The  best  -  known  phosphorescent  plants  are  certain  forms  of 
Bacteria  which  develop  on  the  surface  of  fish  and  meat,  and  the 
mycelium,  formerly  described  as  "  Khizomorpha,"  of  the  fungus  Agaricus 
malleus.  As  further  examples  of  spontaneously  luminous  Fungi  may  be 
cited  Agaricus  oleariitSj  found  growing  at  the  foot  of  olive  trees  in 
South  Europe,  and  other  less  familiar  Agarics  (Ag.  igneiL<,  nodilucens, 
Gnrdneri,  etc.).  The  phosphorescence  of  decaying  wood  is  also,  without 
doubt,  due  to  the  growth  of  Fungi  or  Bacteria.  Of  plants  taking 
part  in  the  phosphorescence  seen  in  water,  the  most  important  are 
Pijrocystis  nociiluca^  an  Alga,  and  the  spontaneously  luminous  Bacteria. 

The  so-called  phosphorescence  of  the  Moss,  Suhisiustcijo,  and  of  some  Selaginellas 
and  Ferns,  has  nothing  in  common  with  actual  ph()s]>li()rcscence,  but  is  produced 
j»<'»lely  by  the  reflection  of  the  daylight  from  peculiarly  formed  cells  (Fig.  325). 
The  phosphorescence  observed  in  some  sea-weeds  results,  on  the  other  hand,  from 
the  fluorescence  and  opalescence  of  certain  of  their  allmminous  substances,  or  from 
the  iridescence  of  their  cuticular  layers. 

IV.  Growth 

The  size  which  plants  may  attain  varies  enormously.  A  Mush- 
room seems  immeasurably  large  in  contrast  with  a  Mirroroccus,  but 
inexpressibly  small  if  compared  with  a  lofty  Californian  Srquouf.  A 
BiicUlus  of  the  size  of  a  Mushroom,  or  a  Mould-Fungus  of  the  height  of 
a  Sequoia,  are,  with  their  given  organisation,  physiologically  as  incon- 
ceivable as  a  Mushroom  with  the  minuteness  of  a  Micrococcm.  The 
size  of  an  organism  accordingly  is  an  expression  of  its  distinct  individu- 
ality, and  stands  in  the  closest  relation  to  structure  and  conditions  of 
life,  and  in  each  individual  varies  within  certain  narrow  limits. 

However  large  a  plant  may  be,  and  however  innumerable  the 
number  of  its  cells,  it  nevertheless  began  its  existence  as  a  single  cell, 
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microscopically  small  and  of  tUo  aimploat  stnictnre.  To  attain  its 
linal  HJKe  and  perfect  development  it  must  grow,  thai  is,  it  must 
enlarge  its  body  and  undergo  diilerentiation.  Even  for  the  minute 
unicellular  bacteria  growth  is  essential,  tis  they  multiply  chiedy  by 
cell  division.  Each  daughter  cell  must  grow  and  attain  the 
dimensions  of  the  parent  cell,  or  in  a  few  years  the  capacity  fur 
existence  itself  will  be  lost  through  their  continually  decreasing  size. 
It  is  in  fact  impossible  to  conceive  of  a  plant  wiiere  jjerfect  de- 
velopment is  not  the  resiilt  of  growth.  If  a  growing  Oak  or  Cedar 
be  compared  with  the  single  spherical  egg-cell  from  which  it  has 
arisen,  it  is  at  once  clear  that  by  the  term  growth  we  mean  not 
only  an  increase  in  volume,  but  include  also  a  long  serie^s  of 
various  developmental  stages,  and  external  and  internal  molli- 
fications. A  mere  increase  in  volume  does  not  necessarily  imply 
growth,  for  no  one  would  say  that  a  dried  and  shrivelled  turnip  grows 
when  it  swells  in  water.  On  the  contrary,  active  growth  may  be 
accompanied  by  a  considerable  loss  of  substance,  as  is  shown  by  the 
sprouting  of  potatoes  kept  in  a  dark  cellar.  Water  is  lost  through 
transpiration  as  well  as  organic  substance  through  respiration,  and  yet 
the  new  shoots  show  true  growth. 

In  the  lower  organisms  growth  is  exhibited  in  its  most  simple 
form.  In  an  Amceba  or  a  Plasmodium  growth  is  simply  an  increase 
in  their  substance ;  in  a  imicellular  Alga  or  in  a  Fungus  it  means,  in 
a<Idition  to  this,  an  enlargement  of  their  cell  walls.  In  the  higher 
plants  the  processes  of  growth  are  far  more  complicated  and  various,  so 
that,  according  to  Sachs,  four  chief  phases  of  growtii  can  be  distin- 
guished, which,  however,  are  not  sharply  separated,  but  mei^  imper- 
ceptibly one  into  the  other. 

1.  The  embryonic  phase,  or  the  first  origination  of  new  cells  or 
organs,  according  to  their  proper  position  and  number. 

2.  The  formative  phase,  or  the  continuance  of  the  embryonal 
development,  and  the  assumption  of  a  definite  form. 

3.  The  phase   of  elongation   of    the    already   formed    embryoual 

4.  Tlie  phase  of  internal  development  and  completion  of  the  tissues. 

The  Embryonal  Development  of  the  Organs 

Plants,  in  contrast  to  the  higher  animals,  continually  develop  new 
organs.  These  arise  either  from  tissues  retained  in  their  embryunio 
condition,  as  at  the  growing  point,  or  tbey  have  their  origin  in  regions 
which  have  already  more  or  less  completely  attained  their  definit« 
form-  The  leaves  and  shoots  spring  directly  from  the  tissues  of  the 
growing  point ;  the  first  lateral  roots,  however,  make  their  appearance 
at  some  distance  from  the  growing  point,  where  a  {lerceplible  ditTeren- 
tiation  of  tbe  tissues  has  already  taken  place. 
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Leafy  shoots  may  also  take  their  origin  from  old  and  fully- 
developed  tissues,  which  again  assume  an  embryonic  character,  accom- 
panied by  an  accumulation  of  protoplasm  and  renewed  activity  in  cell 
division.  But  as  this  only  occurs  in  exceptional  cases,  shoots  which 
thus  arise  out  of  their  regular  order  are  termed  adventitious. 

The  manner  of  the  Formation  of  New  Organs  at  the  Growing* 
Point  has  already  been  described  (p.  149).  It  is  only  necessary  here 
to  again  call  attention  to  the  fact  that  the  young  organs  develop  in 
acropetal  succession,  so  that  the  youngest  is  always  nearest  the  apex. 
This  is,  in  fact,  the  most  natural  method  in  consideration  of  the  apical 
growth  of  the  axes.  In  spite  of  that,  however,  special  cases  are 
known  in  which  the  young  organs  arise  at  some  distance  from  the 
growing  point,  and  between  older  organs  (in  the  inflorescence  of 
Typha).  The  point  from  which  new  organs  arise,  and  the  number 
which  develop,  are  chiefly  dependent  upon  inherited  internal  disposi- 
tion. Although  external  conditions  exert  in  this  respect  but  small 
influence,  it  has  been  recognised  that  the  available  space,  and  the 
subsequent  pressure  of  the  older  organs  of  the  vegetative  cone,  as 
well  as  the  torsion  of  the  axis,  operate  in  determining  the  ultimate 
position  of  new  organs  on  the  parent  axis.  The  influence  of  other 
factors,  light,  gi'avity,  chemical  and  mechanical  stimuli,  which  at  certain 
times  in  the  later  life  of  the  tissues  are  of  extreme  importance,  have 
usually  but  little  effect  on  the  embryonal  development.  Yet,  on 
the  other  hand,  the  position  of  the  first  division  wall  of  the  ger- 
minating spore  of  Marsilia  is  determined  by  the  action  of  gravity, 
and  the  direction  of  the  first  wall  (as  well  as  of  the  preceding  nuclear 
division)  in  the  spore  of  Equisetum  is  determined  by  its  relative  position 
to  the  light  0 

In  Adventitious  Formations,  on  the  contrary,  the  influence  of 
external  forces  is  often  very  evident,  as,  for  example,  in  the  formation 
of  climbing-roots,  which  in  the  Ivy  and  other  root-climbers  are  de- 
veloped only  on  the  shaded  side  of  the  stem.  In  the  Alga  Caulerpa 
the  new  leaf-like  organs  arise  only  on  the  illuminated  side  of  the  parent 
organ.  It  is,  on  the  other  hand,  the  force  of  gravity  which  excites 
the  formation  of  roots  on  the  under  side  of  underground  rhizomes.  It 
is  also  due  to  gravity  that  the  growing  points  of  shoots  are  formed  only 
from  the  upper  side  of  the  tubers  of  Thladiantha  duhia^  or  that  new 
twigs  develop,  for  the  most  part,  from  the  upper  side  of  the  obliquely 
growing  branches  of  trees.  Contact  stimuli,  on  the  other  hand, 
determine  the  primary  inception  and  point  of  development  of  the 
haustoria  of  CuscuUi  (p.  208).  The  sexual  organs  of  Fern  prothallia 
are  always  developed  on  the  side  away  from  the  light ;  that  is,  in 
normal  conditions  on  the  under  side,  but  in  case  of  artificial  illumina- 
tion on  the  upper  side. 

As  a  result  of  one-sided  illumination  and  the  stimulus  of  gravity, 
together  with  the  favouring  influence  of  moisture,  the  rliizoids  spring 
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only  from  the  under  side  of  the  gemmie  of  Murdiantui,  so  Ui&C 
eventually  the  two  originally  similar  sides  assume  an  altogether 
different  anatomical  structure. 

Mauy  advcutitioua  forniations  are  lliu  reault  of  liefluite  exlernal  chubps  ;  as,  for 
examiiU,  the  galls  ioduced  liy  fWv  stiu^  uf  initects  BJid  thv  de]<osits  of  uiimul 
eggs  and  larvir  {cf.  p.  155). 

Tlie  development  of  ailventitious  formations  is  especially  induced  Ity 
MUTILATION  of  plants.  Nkw  formations  are  in  this  manner  produced 
at  points  from  wliich  they  would  never  have  arisen  on  the  uninjured 
plants.  In  the  case  of  Pelargoniums,  Oleanders,  Willows,  and  many 
other  plants,  it  is  possible  to  induce  the  formation  of  roots  wherever 
the  shoots  are  cut.  In  other  plants,  however,  there  seem  to  be  certain 
preferred  places,  such  as  the  older  nodes,  from  which,  under  the  same 
circumstances,  roots  develop.  In  like  manner  now  shoots  «ill  appear 
in  the  place  of  others  that  have  been  removed.     In  THK  DEVKLopmknt 

OF  NKW  FORMATIONS  ON  A  MLTILATED  PLANT  THOSE  VERY  ORGASS 
ARISE,     OR    PRKFERABLY    AHiaE,     OF    WHICH    THK    PLANT    HAS     BEK*) 

DEPRIVED.  Rootless  shoots  develop  first  of  all  new  roots.  Roots  and 
root-stocks  deprived  of  their  shoots  form  first  new  shoots.  In  these 
processes  there  is  manifested  an  internal  reciprocity  in  the  formative 
growth  of  organs,  which  has  been  termed  the  correlation  of  growth. 

Correlation  of  growth  is  often,  aIko,  very  apparent  in  the  normal  dtiv«lo|>nieat 
or  tbo  organs  of  uninjured  jilnnts.  It  ia  due  to  tliia  tliat  scales  or  buds  axt  devflopnl 
in  their  special  form  nther  than  as  fuliagv  leaves.  For,  oa  Goehsl  showed,  it  U 
possible  by  artificial  means,  as,  for  example,  by  the  timely  removal  of  tlio  learee  of 
the  parent  shoot  of  Aetnulus,  jtttr.  Syringa,  Quemu,  or  in  the  case  of  /Vunu 
Fadui,  tetuttiiig  olfthp  upiwr  i-:itrem{ty  of  tlic  shoots,  to  indune  tbo  formation  of 
normal  foliage  leaves  in  the  place  of  tbe  soalea.  The  vigorous  grovth  which 
unsnes  in  the  fruit  and  in  the  fruil -coverings  after  fertilisation  and  develujaurnt 
of  the  embryo  in  tlie  ovule,  affords  another  example  of  correlation  ;  for,  iu 
ouc  no  fertilisation  oF  the  egg-cell  oueure,  all  those  changes  which  produce  a  lijie 
fruit  from  tbe  Hower  do  not  take  place  )  and,  instead,  another  correlative  proowa 
is  manifested  by  which  the  now  useless  organs  are  discarded.  Certain  ]iUnIa, 
especially  those  modiSed  by  cultivation,  fonii  an  exception  to  this :  in  many  varieties 
uf  bauana,  in  the  seedless  mandarin,  and  in  the  variety  of  raisins  kuowD  aa  sultUM, 
etc.,  although  no  seeds  capable  of  genniuaCion  are  produced,  the  romiation  of  • 
ao-oalled  l^uit  is  nevertheleas  continned.  Even  in  these  instances  it  is  naaetitial 
fur  the  formation  of  fruit  that  there  shall  have  occurred  a  jireviooa  pollination  of  tbo 
stigma,  or  the  fertilisatioD  of  the  ovules,  which,  however,  do  not  ruatitre-  In  aome 
few  exceptional  coses,  however,  as  in  tbe  Fig,  even  this  impetus  to  fruit  funuation 
is  not  necessary.  The  manner  of  the  formation  of  conducting  tiKsuot  in  phuits, 
and  also  tlivir  anatomical  develojiment,  are  regulated  by  correlation,  from  thoo 
few  instances  it  may  he  aeon  how  the  principle  of  correUtiou  alfects  the  most 
YOrieufl  of  the  vital  jiroiicBses,  even  under  normal  conditions,  and  how  the  har- 
monious development  and  function  of  the  single  memhera  of  the  plant  body  are 
controlled  by  i^ 

The  poUxity  manifested  by  plants  should  also  be  considered  as  a  aiiecial  ezatnpla 


of  the  ouireUtion  exutint;  Wtween  tin;  iliffpreiit  jtii'ts  of  tliL-  plaiit  liody.  Tliis 
fnilMitjr  i»  paiticularlj  apiisreDt  iu  !<tems  and  roots,  Bod  BuiU  its  esprnsaioii  iu  tlie 
Icndelicy  of  every  nu&U  iiiece  of  a  stem  tn  dHveliip  iicH'  shoots  from  that  end  which 
wa»  n«rer  the  stem  apex,  while  the  roots  taku  their  riae  from  tlia  othw  end. 
Mwaw  of  roots  in  like  manner  send  oat  roots  from  the  iiud  iiriginallj  nsMBr  their 
ajiex,  uid  eboota  Irom  the  end  towards  tlin  utem. 

Ill  occordanoe  with  this  iTinoiple,  detached  luoces  of  sterna  {iroduoe  n«w  shoots 
fram  Ihpir  " shoot- pole,"  and  injured  roots  new  roots  from  their  "root-pole." 
Tlii>  jiolArity,  particularly  iurestigated  by  Vuchting  and  Sachs,  makes  itself 
*}ip«reiit  iu  even  tlie  smallest  pieces  of  stems  or  roots,  ond  may,  in  this  respect,  be 
comparFd  to  the  inaf(netie  jjolority  exhibited  by  every  small  piece  of  Si  magnet. 
UtiUke  poles  of  8  plant  may  readily  be  induced  to  gro\¥  together,  while  like 
|>o1m  may  only  be  brought  to  do  so  with  difltcutty,  and  then  do  not  develop 
TtgonMuIy.  As  a  result  of  xucli  experimeata,  n  radial  polarity  has  also  been 
tvGognised  by  VocktINo  in  stem  and  root  tissue :  thus,  for  instance,  pieces  of 
>  itsn  or  root,  inserted  iu  a  lateral  inuision  of  a  similar  organ,  become  iinited 
with  it,  if  they  ate  so  placed  that  the  aide  ocigitiBlly  outermost  occupies  the 
■Mne  relative  {loeition  iu  the  new  organ,  but  if  this  posidou  is  altered  no  suuli 
uaion  takes  ]>lace.  Leaves  take,  in  resjiect  to  ]io1arity,  a  special  position,  for  they 
Bte  not  organically  included  within  new  formations  derived  fhiiu  them.  Thus, 
from  Iho  basal  end  of  a  leaf,  an  entire  plant,  with  roots,  stem,  and  leaves,  may 
krise,  while  the  regeunrative  leaf  itself  gradually  dies.  It  is  of  especial  interest  to 
obwrre  tbe  elfeot  of  external  iullueuces  u]«n  the  position  of  new  formations,  wheu 
tbey  oomc  into  upjimitiuQ  to  the  internal  disiwdtion  of  the  pUnts  tlieniseltes.  Iu 
tlii«  Rapcct,  the  Iwhavioui  of  different  sjkpcies  varies  greatly.  In  one,  the  internal 
ract«n  predominate,  that  ia,  the  new  fomiations  apjiear  quite  independently  of 
•Jilenia]  oonditious  ;  in  another,  the  external  iuSuenoes  of  the  moment  prevail ; 
but  the  internal  disposition  of  the  plant,  when  tliua  constrained  for  the  time  being, 
•Jlimately  makes  ibielf  apgwrent  and  the  new  formations  never  develop  vigorously. 
A  wUlonr  twig,  planted  iu  a  reversed  (lOBitiuu,  with  the  shoot-pole  in  the  ground, 
B-JU  produce  roots,  and  from  the  root-pnle  may  even  produce  shoots.  These,  how- 
rvcT,  usually  noon  die  and  tbeir  place  is  supplied  by  other  stronger  shoots  arising 
from  the  shoot  axis  just  above  the  rootd.  It  is  only  by  the  moat  careful  suppression 
«f  uiy  ancli  develojnncutB  th«t  the  shoots  from  the  root-poles  may  be  kept  alive. 

r  In  M-callnl  "ureejiiug"  trees,  the  funiiatiuu  of  side  braoches  from  the  upi>er  side 
ot  tlw  banging  branches  is  favoured   by  external   conditions,   but   the   internal 

I  jwhrfty  prevents  their  vigaroua  development,  and  those  formed  soon  die.  In  the 
cnltJntioD  of  grapes  and  fruit-trees  this  iwculiarily  is  utilised  to  jiroduce  short- 
Ut«4,  Ihilt-jToduciug  shouts  by  bending  over  tlia  viues  or  traiaiug  tbe  branches  of 
(1m  tfMs  fn  tbe  cultivation  of  wall  A'Uita.  On  the  other  hand,  in  some  cases  the 
internal  polarity  is  easily  overDome  by  external  intluenaes.  It  is  somotimos  auS- 
rient  merely  to  rerarsc  the  erect  tholliis  of  BrjivpaU,  oue  of  the  Siphantat,  to  oon- 
f«rt  tliR  former  a|>ical  (lortion  into  a  root-like  tube  which  iienetrates  the  siibetraturo 
and  liutans  itself  to  the  grains  of  sand.  It  has  also  been  jioHitively  deterniiued, 
■Ithongh  othnwise  such  coses  are  unknown  among  the  higher  plants,  that  the 
gToniug  pointii  of  tbe  roots  of  XeoUia  and  of  certain  Kerns  {Plalyceriwa,  Af/iCeniuM 
nnJtiUum)  may  he  vunveried  through  some  inhvrt'nt  tendency  into  the  vegetative 

Tlie  comlatioo  phenotiieun  manifested  in  the  formation  of  new  organs  have  the 
graatHt  practical  iuiportauce,  for  the  jiropagation  of  plants  by  cuttings  or  grafting 
1*  hwnd  upon  theui. 


I!  lUMle  use  of  for  tha 
;i  lliia  Is  ouilj  dooe, 


III  artiricial  rej-rod notion  detached  jiiiices  of  ]ilants  a: 
purpoas  of  producing  a  frusli  complete  plmt.      In  many  ci 

but  in  others  it  is  nioro  difficult,  or  fven  impossible.  Tlie  favounie  ana  euuai 
luethodisby  nieansof  cuttiugs,  tliat  is,  the  plHatiogoruut  branches  in  vater,  sand, 
□r  earth,  in  wliicli  thby  take  root  (Pelargouia,  TradescantiaE,  Fuchaian,  WLlows,  etc.). 
UaDf  plants  may  be  jiropagated  from  eveu  a  Mingle  leaf  ur  portion  of  a  leaf,  u,  for 
instance,  is  uaually  the  case  with  Begoniaa.  The  youngplants  s|>riDg  from  the  end 
of  the  lear-staltc,  or  from  its  [loint  of  union  with  the  leaf-blade,  or  from  the  ribs, 
particularly  when  tlifj-  are  artificiully  broken  or  incised.  In  other  cases  the  learvs, 
while  Htill  on  the  [iiiretit  plant,  have  the  ]Kiwer  to  produce  adventitious  buds,  and. 


tnlUuB  :  III,  biid.'gnmDs  ; 


in  this  way,  give  rise  to  oew  plalita  (see  Vegetative  R^^prodiiction,  p.  279].  Bvs 
Irom  roots  or  pieces  ol'  roots  it  is  also  possible  to  propagate  souie  few  plants.  A 
exatuplo  of  tbia  is  afTorded  by  /pteaevajiha,  wbi»e  roots  are  cut  in  pieces  and  tlia 
sown  like  aendb.  The  Dandelion  possesses  thu  same  cajiabiljty  of  developing  froM 
small  portions  of  tlie  root,  and  to  tliis  peculiarity  is  due  the  dilGcnlly  with  whioh 
it  is  destroyed. 

In  grafting  or  budding,  cuttings  from  one  pUnt  am  inxirted  in  another,  »o  that  ' 
they  grow  together  tu  form  physiologioally  one  plant.  The  union  U  iu:ooinpliih«d 
by  means  of  a  callus  (p.  144),  formed  by  both  tlio  sciou  and  the  adopted  stock. . 
Vessels  and  sieve-tubes  arterwards  develop  in  the  callus,  and  so  join  together  tha 
mmilarly  functioning  elements  of  Loth  part!i.  Such  an  organic  anion  ia  ontjr 
possiblebetween  very  nearly  related  phints,  thus,  for  exaiujile,  ofthe^inHI''<^MHt, 
the  Plum,  Peach,  Almond,  Apricot,  may  readily  be  greyed  one  upon  llie  other,  a 
of  the  Poaiaaac,  the  Apple  nith  the  QuincP  ;  Imt  not  tin-  Apple  viilb  the  Pluni. 
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In  spite  of  the  apparent  physiological  union  between  the  old  stock  and  the 
newly-formed  growth,  from  a  morphological  standpoint  they  lead  an  altogether 
separate  and  distinct  existence.  In  its  structural  character,  forms  of  tissues, 
mode  of  secondary  growth,  formation  of  bark,  etc.,  each  maintains  its  own  individu- 
ality. In  special  cases  it  has  been  affirmed  that  they  do  mutually  exert,  morpho- 
logically, a  modifying  effect  upon  each  other  (Graft-hybrids).  In  practice  several 
different  methods  of  inserting  cuttings  are  in  use,  but  only  the  more  important 
can  be  mentioned  here. 

Graptino  is  the  union  of  a  shoot  with  a  young  and  approximately  equally- 
developed  wild  stock.  Both  are  cut  obliquely  with  a  clean  surface,  placed 
together,  and  the  junction  protected  from  the  entrance  of  water  and  fungi  by 
means  of  grafting  wax. 

Cleft  or  tongue  grafting  is  the  insertion  of  weaker  shoots  in  a  strongei 
stock.  Several  shoots  are  usually  placed  in  the  cut  stem  of  the  stock,  care  being 
taken  that  the  cambial  region  of  the  different  portions  are  in  contact,  that  the 
cortex  of  the  shoots  is  in  contact  with  that  of  the  stock.  In  other  methods  of 
grafting  the  cut  end  of  the  shoot  is  split  longitudinally  and  the  cut  shoot  inserted 
in  the  periphery,  or  a  graft  may  be  inserted  in  the  cortex  or  in  the  side  of  the 
stock.  In  grafting  in  the  cortex  the  flatly-cut  shoot  is  inserted  in  the  space  cut 
between  the  bark  and  the  splint  wood  (Fig.  193,  /). 

In  lateral  grafting,  the  shoot,  after  being  cut  down,  is  wedged  into  a  lateral 
incision  in  the  stock. 

A  special  kind  of  grafting  is  known  as  budding  (Fig.  193,  III).  In  this 
process  a  bud  (''eye")  and  not  a  twig  is  inserted  under  the  bark  of  the  stock. 
The  "eye"  is  left  attached  to  a  shield -shaped  piece  of  bark,  which  is  easily 
separated  from  the  wood  when  the  plants  contain  sap.  The  bark  of  the  stock  is 
opened  by  a  T-shaped  cut,  the  **eye"  inserted,  and  the  whole  tightly  covered. 
Occasionally  some  of  the  wood  may  be  detached  with  the  shield  -  shaped  piece  of 
bark  (budding  with  a  woody  shield).  In  the  case  of  sprouting  buds,  the  budding 
is  made  in  spring ;  in  dormant  buds,  which  will  sprout  next  year,  in  summer. 
Budding  is  especially  used  for  roses  and  fruit-trees. 


The  Phase  of  Elongration 

For  the  performance  of  their  proper  functions,  the  embryonic 
rudiments  of  the  organs  must  complete  their  external  development. 
They  must  unfold  and  enlarge.  This  subsequent  enlargement  of  the 
embryonic  organs  of  plants  is  accomplished  in  a  peculiar  and 
economical  manner.  While  the  organs  of  animals  increase  in  size 
only  by  a  corresponding  increase  of  organic  constructive  material  and 
by  the  formation  of  new  cells  rich  in  protoplasm,  and  thus  require  for 
their  growth  large  supplies  of  food  substance,  plants  attain  the  chief 
part  of  their  enlargement  by  the  absorption  of  water — that  is,  by  the 
incorporation  of  an  inorganic  substance  which  is  most  abundantly 
supplied  to  them  from  without,  and  to  obtain  which  no  internal 
nutritive  processes  are  first  necessary.  The  elongation  of  a  plant 
organ  to  its  definite  extension,  whereby  it  is  often  enlarged  a  hundred 
or  thousand  fold,  may  be  compared  with  the  extension  of  certain  animal 
organs  by  means  of  an  influx  of  water,  as  occurs  in  the  case  of  the 


Coeietiteratfi  or  Euhinodennata.  ^Vben  an  ambulaci'al  foot  of  a  star- 
fish or  a  sea-urchin  is  lengthened  from  a  millimetre  to  sevoral  centi- 
matrea  by  filling  with  water  from  the  water- vascular  systeiD,  the  waUir 
has  in  this  instance  the  same  biological  significance  as  in  the  elongation 
of  the  plant  organs,  except  that  in  the  latter  case  the  process  is  not  of 
repeated  occurrence. 

The  great  advantage  resulting  from  this  easy  method  of  enlarge- 
ment is  apiMirent  from  a  coosideratiou  of  the  importance  of  a  large 
external  surface  for  the  nutrition  of  a  plant.  Assimilation  is  just  so 
much  the  more  productive,  the  larger  the  ex|wsure  of  green  surface, 
and  the  more  accessible  it  is  to  the  suri'ounding  carbonic  acid.  In 
like  manner,  the  super&cial  enlargement  is  exceedingly  advantageous 
as  regards  the  absorption  of  nourishment  from  the  soil.  It  is  accoi-d- 
ingly  of  great  economic  value  biologically  that  the  growth  through 
elongation  is  accomplished  chiefly  by  the  absorption  of  water. 

The  alnoqitioii  of  water  b;  liviag  I'dla  does  not  taku  place  witlk  tliu  stm* 
rapidity  aud  without  interruption  as  in  ibe  Piise  of  porous  bodies.  Before  the  L-illi 
can  take  np  additional  water  they  must  enlarge  by  actual  proceaaO!)  of  growth. 
The  water,  jieuetraliiig  the  young  cells  by  imbibition  or  by  the  Torre  of  onmotM 
pressure,  is  uniformly  distributed  through  the  prot(i]>laiiui,  whiuh  tills  the  mil ; 
in  case  the  prctoplMiin  is  already  abundantly  siippliud  with  w«ler,  it  is  inatead 
accumulated  iu  vot^uoles  (Fig.  50).  As  the  vacuoles  contain  bIsu  orguiie  and 
inorganic  matter  in  solution,  they  exert  an  attractive  force  and  give  rise  tu  liirthMr 
absorption  of  water.  The  sap  of  the  vacuoles  would,  in  turn,  soon  Iv  diluted  aucl 
its  attractive  force  diminiabed,  were  it  not  that  the  regulative  activi^  of  the  pnlo- 
plasm  soon  provides  for  a  corresponding  increase  of  tlie  dissolved  salts,  so  that  tba 
concentration  and  attractive  force  of  the  sap  ore  Gontiniiatly  being  restored  or  ercn 
increased.  The  separate  vacuoles  thus  enlarged  ultimately  flow  together  into  on« 
large  sap-cavity  in  the  middle  of  the  cell,  white  tbe  protoplaiiiu  forms  uuly  a  vom- 
panitlvely  thin  layer  on  the  cell  walls,  which  now  exhibit  con-tidcrable  suifkco- 
growth. 

During  this  increase  in  the  volume  of  the  cell,  tbe  protoplasm  hits 
experienced  but  little  augmentation  of  its  substance,  or  other  modificar 
tion.  The  enlargement  of  the  cell  has  been  almost  wholly  produced 
by  the  increased  volume  of  water  in  the  sap  cavity,  which,  la  dis- 
tinguish it  from  the  "  nutrient  water,"  "  imbibition  water,"  and 
"  constitution  water  "  of  the  plant,  may  be  designated  "  inflatioD  water." 

As  is  often  observed  with  the  occurrence  of  many  vital  phenomena, 
the  rate  of  distension  of  the  walls  with  the  inflation  water  is  not 
uniform,  but  begins  slowly,  increases  to  a  maxihtm  rapidity, 

AND    THEN    GRADL'ALI.V    DIMINISHING    ALTOCKTHEB    CEASES.        As    all 

the  cells  of  oqtwl  age  in  an  organ  go  through  this  process  of  inflation 
at  the  same  time,  the  phenomena  of  increase  and  decrease  in  the  rata 
of  growth  are  apparent  in  the  growth  of  tho  organ,  and  give  rise  to 
GKAND  PERIODS  OF  GROWTH.  Slinor  periods,  or  Ructuations  in  the 
rate  of  growth,  occurring  within  the  grand  periods,  are  due  to  irregn- 
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larities  in  the  swelling  of  the  cells,  occasioned  by  cbaoge  of  temperature, 
I^t  and  other  influences  operative  on  growth. 

Tlie  Ur)[e  amount  oF  wBtec  abaorlied  by  the  groBJiig  organ  in  thu  (iioceifB  at 
'lungatiott  ilow  not  lesBfn  its  rigidity,  but,  on  Ills  coDtnuy,  it  ia  lo  the  turgor 
ILiu  nuuntsincd  thut  tlie  rigidity  ia  due  (e/.  p.  166].  Osiuutiu  pressure  aeenas 
■Uo  to  tak«  au  ini|iorlAnt  part  in  tlie  growtll  of  tlie  ceil  wall  itaelf.  Cells  in  which 
Iho  turgor  is  dcHtroyird  hy  a  dewejUB  in  the  water-supply  exhibit  no  growth  of 
■belt  cell  walls ;  it  is  thus  evident  that  the  distension  or  the  cell  vails  is  pliysically 
nwntiaJ  for  their  snrfMe-growth.  This  distension  is  in  itself,  howovar,  by  au 
neuia  the  caiuie  of  their  grovtii ;  tlie  internal  physiological  couditions  of  the 
Xnxrth  of  the  cell  waltfl  are  dependent  upon  the  vital  scttvity  of  the  living  proto- 
pUam.  Without  the  concurrent  action  of  the  lu-otoplssm,  there  is  no  groirth  iu 
«ren  the  most  distended  cell  wall ;  an  the  contrary,  sotive  gronrth  of  the  cell  wall 
Siaj  take  |illoe  with  the  existence  of  only  a  small  degree  of  turgor  tension.     A 

CORRBSrUKDEJICE  HKTWEEN  TBK  rUBOOIl   TENSION   OP   THE   CKI.I,  WAI.IS   ASD   THE 

JUforicr  or  (iboivth  cAwyor.  vvoT.a  thbse  honditios>i,  iir.  expected,  nor  can,  on 
the  other  hand,  the  conclusioa  be  drawn  tlist  turgor  tension  is  inoperative  in  the 
fronMscs  of  growth^  The  importance  of  the  turgor  tension  is  variously  estimated, 
■cvording  to  tin  conception  of  the  manner  in  which  tlie  growth  in  substanca  of  tlje 
Cell  walls  takes  (ilace.  Tliere  have  been  for  some  time  two  GonSictlng  theories  iu 
icgard  to  this.  According  to  one,  the  growth  of  the  cell  wall  is  due  to  the  inter- 
polation of  new  particles  of  constructive  material  between  the  already  existing 
partiolm  of  the  cell -wall  substance  (iNTusauscEPTiON);  in  the  other  theory,  the 
■asomptiou  of  the  interpolation  of  new  particles  is  disputed,  aud  growth  in  anrhcc 
M  attributed  to  the  plastic  (inelagtic,  not  resuming  its  original  position)  expansion 
of  (ha  distended  cell  wall.  As  in  this  case  the  grouing  niembrane  would  continu- 
ally become  thinner,  its  growth  iu  thickness  results  fVom  the  rejieated  deposition 
^(ww  tay«r«  (iFPosirtoH)  of  substance  on  the  int<<rua1  surface  of  the  original  wall. 
It  is,  howaver,  a  question  of  ^lurely  theoretical  interest,  hy  which  of  the  methods 
Uw  gnnrtb  or  the  cell  membrane  is  ciTected  in  panicular  coses.  While,  in  general, 
^'bcitW  of  Uivae  views  is  inconsistent  with  the  external  phenomena  of  growth,  iu 
•otiM  apeeial  cases  iutussusception,  and  in  others  ap|)o«itiuu,  seems  to  olfor  the 
guns  aatialkclory  explanation.  It  is,  in  fact,  not  im[irobahle  titat  tlie  okowth  oy 
nKOKtl.  WALLS  IB  uuR  TO  BUTD  PKOCESSEX.  It  is  evident  that  at  least  some  degree 
rirfUiTgor  tenaiou  in  necessary  for  the  existence  of  this  forni  of  expansion.  To  support 
tbe  theory  of  intussusception  it  has  also  been  found  necessary  to  suppose  that  the 
iMw  particles  are  not  interpolated  until  the  spaces  between  the  jiarticlos  of  the 
eell-wall  aulntance  has  been  eiiUrgrd  hy  the  distension  of  the  wall  itself. 

The  process  of  elongation  lias  so  far  l>cen  considered  only  iu 
rel&tion  to  the  single  cell,  pre^mratory  to  the  consideration  of  the 
pbonoiaena  presented  by  the  growth  of  mullicellular  organs, 

The  operations  of  growth  in  plant  organs  proceed  very  slowly ;  so 
tiowly  u  to  bo,  in  general,  imperceptible.  The  stamens,  however,  of 
■uuiy  GTaminew  grow  bo  rapidly  that  their  olongation  is  evident,  evon 
to  the  naked  eya  An  increase  in  length  of  1'8  mm.  a  minute  has 
been  observed  in  the  stamens  of  Triliriiin  (Wheat).  This  appro.vimalely 
corresponds  to  the  rate  of  movement  of  the  minute-hand  of  a  watch. 
In  COntpariBon  with  it,  the  next  known  most  rapidly  growing  organ 
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IB  the  leaf-sbeath  of  the  Ban&na,  which  shows  an  elongation  of  1  ■!  mm., 
and  a  Bamhoo  shoot,  an  increase  in  length  of  0-6  mm.  per  miimte  : 
while  most  other  plants,  even  under  favourable  circumstances,  att&in  but 
a  Bmall  rat«  of  elongation  (0'005  mm.  and  less  per  minute). 

In  order  to  measure  the  growtll  !□  length  of  a  jilant,  it  in  cnBtotUM;  to 
nwgnify  in  some  way  the  actual  elongation  for  more  convenient  obaerration.  Thi* 
IIIS7  be  elTected  by  meanH  of  a  uiieroiicope,  wliich  magnifies  the  rate  of  growtli 
correspondingly  with  the  distance  gtovn.  With  a  higli  magnitying  pDirer  the 
growing  apex  of  a  Fungua  hypha  seems  to  advance  across  the  field  of  vinon  u  if 
impelled  by  an  invisible  powei'.  For  large  objects,  thv  niost  convenient  and  usual 
method  of  determining  the  rate  of  growth  is  by  nieans  of  an  ACXAKOMBrEJi.  The 
principle  of  all  ailxftnometers.  liowevcr  thpynmy  ililW  in  constnietion,  is  the  same, 


and  in  based  upon  the  magnitlcation  of  the  rate  of  growth  by  means  of  a  lever  willi 
a  long  and  short  arm.  In  Fig.  104,  at  the  left,  a  simple  form  of  auxanomcter  is 
shown.  The  tlmod  fastened  to  the  top  of  the  plant  to  be  observed  is  paaswl  orrr 
the  movable  pulley  (r),  and  bold  taut  by  the  weight  (g),  which  should  not  be  to 
heavy  as  to  exert  any  strain  on  the  plant.  To  the  pulley  there  is  attached  ■ 
elender  pointer  [Z),  which  is  twenty  times  as  long  as  tlie  radius  of  the  pulley,  and 
this  indicates  on  the  scale  (iS)  the  rapidity  of  the  growth,  magniGed  twenty-liild. 
By  a  growth  in  the  length  of  the  plaut-stem  of  J  mm.,  the  pointer  would  accord- 
ingly register  i  tnm. 

Self. registering  auxanoweters  are  also  uaed,  esiieeially  in  making  extended 
observaliona.  In  Fig.  194,  at  the  right,  is  shown  one  of  simple  construirtion.  Tb« 
radius  of  the  wheel  (A)  correapoada  to  the  long  arm,  and  the  radius  of  the  amall 
wheel  (r)  to  the  sliort  ana  of  the  lever,  in  the  preceding  ap|iaratus.  Any  niovemeilt 
of  the  wheel,  induced  by  the  elongation  of  the  shoot,  and  the  consequent  descent  of 
the  weight  (O),  is  recorded  on  the  revolving  drum  (Qby  the  pointer  attached  to  th« 
weight  (Z),  which  if,  in  turn,  balanced  by  the  counterweight  ( IV).     Tlie  dmu 
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covered  with  smoked  paper,  and  kept  in  rotation  by  the  clock-work  {U).  If  the 
dnun  is  set  so  that  it  rotates  on  its  axis  once  every  hour,  the  perpendicular 
4listances  between  the  tracings  on  the  drum  will  indicate  the  proportional  hourly 
growth. 

The  grand  periods  in  the  growth  of  an  organ,  due  to  the  internal  causes,  are  clearly 
shown  by  such  self-registering  auxanometers  by  the  gradual  increase  and  final  de- 
crease in  the  perpendicular  distances,  represent- 
ing the  increment  of  growth.  Strehl  found  the 
daily  growth  in  length  of  a  root  of  Lupine,  ex- 
|>re8S6d  in  tenths  of  millimetres,  to  be :  58,  70,  92, 
97,  165, 192, 158,  137, 122,  83,  91,  59,  25,  25,  8,  2, 
o.  For  the  first  internode  of  the  stem,  growing 
in  the  dark,  the  daily  growth  observed  was  :  8, 
9,  II,  12,  35,  43,  41,  50,  51,  52,  65,  54.  43,  37,  28, 
18,  6,  2,  o. 

The  grand  periods  of  growth,  that  is,  the 
gradual  increase  from  nil  to  a  maximum,  and 
the  succeeding  decrease  to  nil  again,  are,  how- 
ever, not  evident  throughout  the  whole  of  a 
root ;  during  the  growth  in  length  only  a  small 
portion  of  a  root  is  actually,  at  one  time,  in 
process  of  elongation.  In  roots  of  land-plants 
the  growing  region  extends  over  only  about  one 
centimetre  of  the  extreme  tip,  often  indeed 
over  only  \  centimetre  ;  while  all  the  rest  of  the 
root  has  already  completed  its  growth  in  length. 
This  may  be  made  clear  by  marking  off  with 
india-ink,  near  the  tip  of  a  root,  narrow  zones 
of  equal  width,  which  would  thus  also  be  made 
up  of  cells  of  nearly  equal  size.  In  Fig.  195,  /, 
is  shown  a  germinating  Bean,  Vicia  Faba,  whose 
root -tip  has  been  marked  in  this  way  ;  Fig. 
195,  //,  represents  the  same  root  after  22  hours 
of  growth.     The  marks  have  become  80i«irated    Kin.  li»-^>.- Unequal  Krowth  of  different 

by  the  elongation  of  the  different  zones,  but  in  ^  ^he  root-tip  divitleU  by  marking 
different  degrees,  according  to  their  position. 
The  greatest  elongation  is  shown  by  the  trans- 
verse zone  3  ;  from  there  the  growth  in  length 
dfrcreases  towards  the  younger  zones  (2  and  1), 
as  well  as  towanls  the  older  (4  to  10).  This 
|)eculiar  distribution  of  growth  is  but  the  result 

of  the  grand  periods  of  growth  of  the  cells  in  zones  of  different  ages.     In  the 
millimetre-broad  zones  of  a  root  of  Vicia  Falxi  Sachs  found,  after  twenty-four  hours, 
that  the  increase  in  growth,  expressed  in  tenth -millinietres,  was  as  follows  : — 
Zones:  L,  IL,  IIL,  IV.,  V.,  VI.,  VIL,  VIII.,  IX.,  X.,  XL 
Increase :  15,  58,    82,     35,    16,  13,      5,         3,        2,      i,     o. 
The  elongating  region  in  shoot  axes  is  generally  much  longer  than  in  roots, 
and  usually  extends  over  several  centimetres,  in  sjiecial   cases  even   over  50  or 
more  centimetres.     The  distribution  of  the  increase  corresponds  in  stems,  as  in 
rootH,  with  the  grand  periods  of  growth  of  the  cells.    Even  by  inteiu'ALAuy  ouowth, 
where  the  region  of  elongation  is  not  confined  to  the  apex  but  occurs  in  any  part  of 
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with  india-ink  into  10  zoneH,  each 
1  nun.  lonj;.  II,  Tin*  same  nK)t  after 
twf  nty-two  hours ;  by  the  unequal 
growth  of  the  different  zonea  the 
lines  have  lieconie  sfparated  by 
unequal  distanc<*K.    (After  Sachb.) 


the  organ,  generully  aC  its  biuH  (le&reH  and  fiower-atalku  iiI  tuany  MniiocotjIadoQH). 
grand  periods  or  growth  are  nlwi  apparent.  A  ahoot  nt  Phaieolvt  miUtifiorui 
which  wati  divided,  tVom  ths  tip  dowiiwanlii,  into  tratuverac  tmiBH  3'5  mm.  broad, 
abowed  in  forty  Iiouni,  according  to  Sachs, 

in  zonw :  I.,  11.,  III.,  IV.,  V.,  VI.,  VII.,  VIIL,  IX.,  X,  XI„  XII. 
an  increuenrso,  '25,  40,    es,    55,    'i%     IS,       lo,      lo,     j,     5,       5 
tenth-millimetreit. 

Thiajieriodiuity  in  the  growth  in  lengthoLTiurrseven  when  the  sitemal  iaSneoi^n 
aSeotiug  growtli  reiuaio  uuclmnged,  iiud  is  determined  by  iutemal  causes  alouv. 

External  Influences  upon  Growth. — ^External  factors  often  take 
ftn  active  yxct  in  the  process  of  elongation,  cither  a&  retarding  or 
accelerating  influences.  As  growth  is  itself  a  vital  action,  it  is  affecte*! 
by  any  stimulus  acting  upon  the  protoplasm ;  on  the  other  hand,  as  it 
is  also  a  physical  function,  it  is  modifiod  by  purely  physical  influences. 
Growth  is  particidarly  dependent  upon  temperature,  light,  moisture,  the 
Eupply  of  oxygen,  and  the  existence  of  internal  pressure  and  tension. 

The  INFLUENCE  OF  TESIPEBATURE  is  tiianifested  by  the  complete 
cessation  of  growth  at  a  temperature  leas  than  0°  or  higher  tJian 
40''-50''.  Between  the  UtNlMUM  and  MAXtMtJH  temperatures,  at  which 
growth  ceases,  there  lies  an  OPTIMUM  temperature  (p.  163),  at  which 
the  rate  of  growth  is  greatest.  This  optimum  temperature  nsually  lies 
between  22°  and  37"  G.  The  three  cardinal  points  of  tempkra- 
TCRK  here  given  include  a  wide  range,  as  they  vary  for  different 
species  and  even  for  individual  plants  of  the  same  species.  In  tropical 
plants  the  minimum  temperature  may  be  as  high  as  +  lO'C,  while 
those  of  higher  latitudes,  where  the  first  plants  of  spring  often  grow 
through  a  covering  of  snow,  as  well  as  those  of  the  higher  AI])s  and 
polar  regions,  grow  vigorously  at  a  temperature  but  little  above  zero. 
In  like  manner,  the  optimum  and  maximum  temperntiu'es  show  groat 
variation  in  diflerenl  species  of  plants.  The  optimum  does  not  usually 
lie  in  the  middle  between  the  minimum  and  maximum,  but  is  nearer 
the  maximum. 

The  INFLUENCE  OF  LIGHT  makcs  itaelf  felt  in  a  different  wanner  from 
changes  of  temperature.  Light  as  a  general  rule  retards  growth.  This 
is  apparent  from  observations  on  stems  and  roots  grown  in  the  dark,  and 
is  also  true  in  regard  to  the  growth  of  leaves,  if  the  disturbing  ejects 
resulting  from  long- continued  darkness  be  disregarded.  Too  great  an 
intensity  of  light  causes  a  cessation  of  the  growth  of  an  organ,  while 
feeble  illumination  or  darkness  increases  it.  The  effect  of  darkness 
npon  the  growth  of  plants  is,  however,  differently  manifested  according 
to  its  duration,  whether  it  bo  continuous,  or  interrupted,  as  in  the 
changes  of  night  and  day.  Long- continued  darknesa  produces  nn 
abnormal  growth,  in  that  the  growth  of  certain  organs  is  unduly 
favoured,  and  of  others  greatly  retarded,  so  that  a  plant  grown 
altogether  in  the  dark  presents  an  abnormal  appearance.  The  stems 
of  Dicotyledons,  in  such  case,  become  unusually  elongate<l,  also  soft  and 
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white  in  colour.  The  leaf-blades  are  small  and  of  a  yellow  colour, 
and  remain  for  a  long  time  folded  in  the  bud  (Fig.  196,  ^.  A 
plant  grown  under  such  conditions  is  spoken  of  as  "  etiolated." 

This  diminution  in  the  size  of  the  leaf-blades  and  the  elongation  of  the  stem 
(and  leaf-stalks)  are  not  manifested  by  all  plants,  nor  under  all  circumstances.  The 
stems,  for  instance,  of  certain  Cacti  are  much  shorter  when  grown  in  the  dark  than 
in  the  light.  Similarly,  the  leaves  of  varieties  of  the  Beet  {Beta)  grow  as  large, 
or  even  larger,  in  the  dark  than  in  the  light ;  this  is 
also  true,  under  conditions  favourable  to  nutrition,  of 
the  leaves  of  other  plants  (Cucurbtta).  In  the  shade  of 
a  forest  leaves  often  become  larger  than  in  full  daylight. 
They  are  then  projiortionally  thinner,  and  the  palisade 
cells  which,  in  leaves  fully  exposed  to  the  light,  are  in 
close  contact,  become  pointed  below,  and  thus  produce 
intercellular  spaces  between  them.  In  this  way  the 
modifying  influence  of  light  of  diminished  intensity  is 
apparent  in  the  internal  structure  of  such  scotophilous 
leaves.  Flowers,  however,  if  sullicient  constructive 
material  be  provided  by  the  assimilating  leaves,  develop, 
according  to  Sachs'  observations,  as  well  in  the  dark  as 
in  the  sunlight,  except  that  they  are  sometimes  paler  in 
colour.  If,  however,  the  assimilatory  activity  of  the 
green  leaves  be  reduced  or  destroyed  by  depriving  them 
of  light,  many  jdants,  as  V(k4ITINO  found,  form  only 
inconsjncuous  or  cleistogamous  flowers. 
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The  tissues  of  etiolated  stems  and  leaf-stalks  ■' 

are  fuller  of  water  and  thinner-walled  than  in 
normally  growing  plants.  Even  the  roots  of 
such  plants  are  often  found  to  be  less  strongly 
developed.  The  supply  of  reserve  material  at 
the  disposal  of  plants  gi'owing  in  the  dark  is 
utilised,  together  with  the  help  of  an  unusual 
amount  of  inflation  water,  in  the  elongation  of 
the  axis.  This  elongation  of  the  shoot  axis, 
resulting  from  growth  in  darkness,  is  of  especial 
value  in  the  development  of  young  plants  from 
underground  tubers,  rhizomes,  and  seeds ;  for 
in  this  way  the  light  is  quickly  reached,  and 
they  are  the  sooner  capable  of  independent 
nutrition.  The  advantage  derived  from  a  rapid 
elongation  is  especially  apparent  when  the  leaves 
must  themselves  reach  the  light  by  their  own  elongation.  This  is 
often  necessary,  particularly  for  the  leaves  of  Monocotyledons,  which 
spring  from  bulbs  and  rhizomes.  They  act  just  as  the  stems  of 
Dicotyledons,  and  attain  an  abnormal  length  in  the  dark. 

From  what  has  already  been  said  it  would  seem  that  plants  must 
grow  more  rapidly  during  the  night  than  day,  and  this  is  actually  the 


Fh;.  100.— Two  .se»'(!ling8  of 
sinnpiii  nlhi,  of  aivukl  a^e  : 
A",  (Jrown  in  the  darki 
otiolutc<l ;  y,  grown  iiior- 
illnary  dayli.;;ht,  normal. 
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case  where  other  conditions  affecting  growth  remain  the  B&me  by 
night  as  by  day.  A  too  low  t«mperatiire  during  the  night  may,  how- 
ever, completely  counteract  the  accelerating  influence  of  darkneu  upon 
the  growth. 

Just  as  the  rays  of  light  of  difTorent  wave-length  and  refrangi- 
bility  were  found  t<i  be  of  different  value  in  the  process  of  assimilation, 
so  growth  is  by  no  means  equal  in  differently -coloured  light.     It  IS  TO 

THE    STRONGLY    REFRACTIVE,    SO-CALLED    CHEMICAL,    RAYS    THAT   THE 


INFLIENCK  OF  LIGHT  ON  GROWTH  IS  DUE:  the  red-yellow  end  of  the 
spectrum  acts  upon  many  plants  in  the  same  manner  as  darkness. 

MoiBTi'RK  exerts  a  twofold  influence  upon  growth.  It-acts  as  a 
stimulus,  and  also,  by  diminishing  transpiration,  increases  turgidity. 

Plants  in  dain|>  situatiuna  are  iiaually  larger  tliati  tliosp  grown  in  dry  places, 
and  ht  Tact  may  differ  Trom  them  in  tlieir  whole  habit  and  mode  orgrontb.  Dir«ct 
i-'Outaet  with  nater  seems  rreqiiontly  to  exert  a  special  intiiience  upon  the  external 
form  uf  plants,  Ampliibious  plants,  that  is,  such  as  are  capable  oT  liring  both 
upon  land  and  in  water,  often  asaiime  in  water  an  entirely  different  form  from  that 
whicli  they  iiossesa  in  air.  Tljis  vari»tion  of  form  is  jiartioularly  manifested  in  the 
leaves,  wliieh,  so  long  a»  they  grow  in  water,  are  finely  dissected,  while  in  the  air 
their  leaf-blades  are  much  broader  (Fig.  197).  Tlie  leaf-stalks  and  intcrnodes  ahto 
often  exhil'it  a  verj' different  form  in  air  and  water,  and  undergo  the  aamc  abnormal 
elongation  as  in  darkness.  Thin  is  esj>ccially  noticeable  in  submerged  water-plant?, 
whose  organs  must  be  brought  to  the  surface  of  the  water  (young  stems  and  leaf- 
■talk  of  Trapa  nalam,  stem  of  Ilippurii,  leaf-stalk  of  Xymphaca,  Nuphar,  Hydm- 
charts).  Such  [lUiits  arc  enabled  by  this  ]y>wer  of  elongating  their  stems  or  leaf- 
ttalka  to  adapt  themselves  to  the  depth  of  the  water,  remaining  short  in  shallow 
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water  and  becoming  very  long  in  deep  water.  The  pressure  of  the  water  upon  the 
tip  of  the  growing  organ,  as  well  as  the  insufficient  supply  of  oxygen,  seem  to  act 
upon  the  growth,  in  this  instance,  as  regulating  stimuli. 

The  great  importance  of  free  oxygen  has  already  been  alluded  to  in  connection 
with  respiration  (p.  219).  Without  gaseous  or  dissolved  oxygen  in  its  immediate 
environment  the  growth  of  a  plant  entirely  ceases. 

Mechanical  Influence. — Pressure  and  traction  exei*t  a  purely  mechanical  influ- 
ence upon  growth,  and  also  act  at  the  same  time  as  stimuli  upon  it.  External 
pressure  at  first  retards  growth ;  it  then,  however,  according  to  Pfeffer,  stimu- 
lates the  protoplasm  and  occasions  the  distension  of  the  elastic  cell  walls,  and 
ft^uently  also  an  increase  of  turgor.  As  a  consequence  of  this  increased 
turgor  the  counter -resistance  to  the  external  pressure  is  intensified.  If  the 
resistance  of  the  body  exerting  the  pressure  cannot  be  overcome,  the  plasticity 
of  the  cell  walls  renders  possible  a  most  intimate  contact  with  it ;  thus,  for 
instance,  roots  and  root-hairs  which  jienetrate  a  narrow  cavity  so  completely  fill  it 
that  they  seem  to  have  been  poured  into  it  in  a  fluid  state.  It  would  be  natural 
to  suppose  that  the  eff'ect  of  such  a  tractive  force  as  a  pull  would  accelerate  growth 
in  length,  by  aiding  and  sustaining  turgor  expansion.  But  the  regulative  control 
exercised  by  the  protoplasm  over  the  processes  of  growth  is  such  that  mechanical 
strain,  as  Hegler  has  shown,  acts  upon  growth  to  retard  it  (except  in  the  maximum 
of  the  grand  periods).  The  elastic  resistance  and  rigidity  of  cell  walls  are  in- 
creased by  the  action  of  a  strain  ;  such  a  strain  may  also  induce  the  formation  of 
collenchyma  and  sclerenchyma  which  would  not  otherwise  have  been  developed. 

• 

The  Internal  Development  of  the  Org'ans 

The  internal  development  of  the  organs  is  only  completed  after 
they  have  finished  their  elongation  and  attained  their  ultimate  size. 
They  are  then  first  enabled  to  fully  exercise  their  special  function. 
To  this  end  cell  cavities  usually  become  more  or  less  fused,  and  the  cell 
walls  thickened,  often  in  a  peculiar  and  characteristic  manner  (p.  75). 

In  the  case  of  plants  equipped  for  a  longer  duration  of  life,  a 
growth  in  thickness  follows  the  growth  in  length  (p.  119). 


Periodicity  in  Development,  Duration  of  Life,  and  Continuity  of 

the  Embryonic  Substance 

The  periodically  recurring  changes  in  the  determinative  external 
influence,  especially  in  light  and  temperature,  occasioned  by  the  alter- 
nations of  day  and  night  and  of  the  seasons,  cause  corresponding 
periodical  variations  in  the  growth  of  plants.  These  variations  do 
not  follow  jMissively  every  change  in  the  condition  of  the  external 
influences.  On  the  contrary,  the  internal  vital  processes  of  plants  so 
accommodate  themselves  to  a  regular  periodicity  that  they  continue 
for  a  time  their  customary  mode  of  growth,  independently  of  any 
external  change.  The  nightly  increase  of  growth,  which  is  especially 
noticeable  after  midnight  in  the  curve  of  growth,  and  the  retardation  of 
growth,  specially  marked  after  mid-day,  will  continue  to  be  exhibited 


for  some  time  io  [irolotigei!  dai'kneas  wlieti  Uie  temperature  remains 
constant,  thuB  unJer  these  conditions  Ueltanthiis  luberosus  has  been 
observed  to  continue  its  regular  daily  pkbiods  for  two  weeks,  affording 
an  example  of  the  inexiilicable  occurrence  of  so-called  aiter-effects, 
which  arc  frequently  mentioned  in  a  later  chapter. 

Iritill  greater  is  the  itifluencc  exerted  on  the  life  of  )>lants  by  the 
alternation  of  winter  and  summer,  which  in  tlie  plants  of  the  colder 
zones  baa  rendered  necessary  a  well-marked  winter  rest.  This  is  not 
in  reality  an  absolute  rest ;  for  aitliough  the  outwardly  visible  pro- 
cesses of  deTclopment  and  growth  stand  still,  the  internal  vital  pro- 
cesses, although  retarded,  never  altogether  cease. 

Tlie  AVSL'AL  PKUlnDs  argrowtll  Dcc&sioned  by  climntic  changes,  which  arc  ren- 
ilered  no  notioeable  bj  the  falling  of  the  leaves  in  th«  ■utuitiu,  and  the  d«velo]i- 
nent  of  iipw  slioots  and  li>avQs  iii  the  apriug,  hKv?  stain]>rd  Ibpinsvlvvs  so  )iidi>1tbl]r 
upon  the  Hfe  of  the  trees  «nii  shrnlis  of  ihp  teroperata  ionea,  that,  when  oulli- 
vated  in  trD[iicaI  lands  where  other  iiknbi  are  green  thronghont  the  year  and 
blosaom  and  bear  fruit,  they  continue  to  lose  their  leaves  and  pass  for  a  short  tiine 
at  leaet  into  a.  stage  of  rest.  Tlie  Oak  and  Beech  have  hecome  wi  li»bitiwt«d  to 
this  annual  periodicitj  that  thc^y  never  de]iart  trom  it ;  oLhcr  trees  agaia  gradually 
accustom  themselves  to  the  new  conditions,  as  the  Cherry  and  Peach,  for  instanoe, 
which  iu  Ceylun  have  become  evergreeu  treeu.  The  Peach  is  re[>orted  Vo  jiToduee 
flowers  and  ftnit  throughout  the  outire  yaiir  ;  wliile  the  Cherry,  like  many  other 
trees  of  the  temjierate  zone,  ceases  altogether  to  bear  flowers  in  tropical  utiiuatoi. 
It  is  due  to  a  similar  habituation  to  oii  annual  periodicity  that  in  some  cases  it  ia 
ao  difficult,  or  even  altogether  imiiOBsiblc,  to  induce  plauta  by  arti&cial  oultutv  to 
Hower  out  of  aeaBou.  The  behaviour  ofdilFerent  species  also  varies  in  thia  respect  ; 
in  general,  those  flowers  accommodate  themselves  liest  to  forcing  which,  like  thf 
Hyacinth,  Crootu,  Tulip,  Syringo,  and  Conum  mat,  naturally  Bower  early.  That 
the  internal  vital  processes  are  not  promote  by  artlRoial  heat  to  the  sonio  extent 
as  growth  iu  length,  ia  at  once  iierceptible  Iroul  the  abnormal  appearance  of  many 
forced  plants  whose  leaves  and  flowers  do  not  attain  their  full  dereloptneDt  (the 
flowers  of  the  Lily  of  the  Valley,  when  forced  arliflcially,  develop  even  bofore  the 

Low  temperature,  especially  &ost,  is  often  of  advantage  in  the  jireparatory 
vital  ]>m:eBSeB  duHug  the  period  of  rest ;  this  is  made  svidcut  by  the  accelerated 
trans forniation  of  the  reserve  material,  and  bj:.Uie  active  growth  iu  spring. 

Although  to  so  many  plants  winter  ia  the  season  of  rest  and  cessation  from 
growth,  other  plants,  r.g.  certain  Lichens  and  Mosses,  seem  to  find  in  the  warmer 
days  of  wiuter  the  moat  favourable  conditions  of  vegetation ;  and  in  summer,  on 
the  control;,  either  do  not  grow  at  all  or  only  very  little.  Similarly,  many  spring 
plants. attain  their  highest  development,  not  in  siiminer,  but  during  the  variable 
weather  of  Uarch  and  April,  and,  for  the  most  part,  they  have  entered  upon  tlieir 
rest  period  when  the  summer  vegetation  is  just  awakening. 

In  countries  where  there  are  alternate  rainy  and  dry  i>eriods,  the  latter  genentlly 
corroajKiud  to  the  winter  period  of  vegetative  rest. 

DuniHi.ii  of  Phml  i(/V.— The  life  of  a  plant,  during  the  whole  of 
its  development,  from  its  germination  to  its  death,  is  dependent  upon 
exteruid  and  internal  conditions.     In  the  case  of  the  lower  regetablc 
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organisms,  such  as  Algae  and  Fungi,  their  whole  existence  may  be 
completed  within  a  few  days  or  even  hours,  and  indeed  some  of  the 
higher  herbaceous  plants  last  only  for  a  few  weeks,  while  the 
persistent  shrubs  and  trees,  on  the  other  hand,  may  live  for  thousands 
of  years. 

After  the  formation  of  the  seeds,  there  occurs  in  many  plants  a 
cessation  of  their  developmental  processes,  and  such  a  complete 
exhaustion  of  vitality  that  death  ensues.  Such  an  organic  termination 
of  the  period  of  life  occurs  in  our  annual  summer  plants,  but  also 
takes  place  with  plants  in  which  the  preparatory  processes  for  the 
formation  of  fruit  have  extended  over  two  or  more  years,  as  in  the 
case  of  the  10  to  40 -year- old  Agave,  which,  after  the  formation  of 
its  stately  inflorescence,  dies  of  exhaustion.  In  plants,  on  the  other 
hand,  which  in  addition  to  the  production  of  flowers  and  fruit  accu- 
mulate also  a  reserve  of  organic  substance,  and,  with  their  reproductive 
organs,  form  also  new  growing  points,  life  does  not  cease  with  the 
production  of  the  seeds.  Such  plants  possess  within  themselves  the 
power  of  unlimited  life,  the  duration  of  which  may  only  be  terminated 
by  unfavourable  external  conditions,  the  ravages  of  parasites,  injuries 
from  wind,  and  other  causes. 

The  longevity  of  trees  having  an  historical  interest  is  naturally 
best  known  and  most  celebrated,  although,  no  doubt,  the  age  of  many 
other  trees,  still  living,  dates  back  far  beyond  histoncal  times. 

The  celebrated  Lime  of  Keustadt  in  Wiirtemberg  is  between  800  and  1000 
years  old  ;  the  age  of  the  Fir  of  Beqiio  is  estimated  at  1200  years,  and  a  Yew  in 
Braburn  (Kent)  is  at  least  as  old.  A  stem  of  a  Sequoia  in  the  British  Museum 
has,  with  1330  annual  rings,  a  diameter  of  4*5  m.,  and,  a(;cording  to  Cauiu'THERs, 
must  have  originally  been  28 '5  m.  in  circumference.  An  Adansonia  at  Cajje  Verde, 
whoso  stem  is  8-9  m.  in  diameter,  and  a  Water  Cyiness,  near  Oaxaca,  Mexico,  are 
also  well-known  examples  of  old  trees.  Of  an  equally  iistonisliing  age  must  have 
l>een  the  celebrated  Dragon-tree  of  Orotava,  which  was  overturned  in  a  storm  in 
1868,  and  afterwards  destroyed  by  lire.  The  lower  plants  also  may  attain  a  great 
age  ;  the  apically  growing  mOvSses  of  the  calcified  OymnosUymum  clunii)s,  and  the 
stems  of  the  SphagnaceaCy  metre-deep  in  a  peat-bog,  must  certainly  continue  to  live 
for  many  hundred  years. 

In  thus  referring  to  the  ages  of  these  giant  plants,  it  must  not 
be  understood  that  all  the  cells  remain  living  for  so  long  a  time, 
but  rather  that  new  organs  and  tissues  are  developed,  which  continue 
the  life  of  the  whole  organism.  All  that  is  actually  visible  of  a 
thousand-year-old  Oak  is  at  most  but  a  few  years  old.  The  older 
parts  are  dead,  and  are  either  concealed  within  the  tree,  as  the  pith 
and  wood,  or  have  been  discarded  like  the  primary  cortex.  The  cells 
of  the  original  growing  point  have  alone  remained  the  whole  time 
alive.  They  continue  their  growth  and  cell  division  so  long  as  the  tree 
exists ;  while  the  cells  of  the  fundamental  tissue  arising  from  them, 
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and  destined  for  particular  purposes,  all  lose  their  vitality  after  a 
longer  or  shorter  performance  of  their  functions. 

The  cells  of  the  root-hairs  often  live  for  only  a  few  days  ;  the  same  is  also  true 
of  the  glandular  cells  and  trichomes  of  stems  and  leaves.  The  wood  and  bast  fibres, 
as  also  -the  sclerench}'matous  cells,  lose  their  living  protoplasm  after  a  short  time. 
Entire  organs  of  long-lived  plants  have  frequently  but  a  short  existence;  the 
se|)als,  petals,  and  stamens,  for  example.  The  foliage  leaves,  also,  of  deciduous 
trees  live  only  a  few  summer  months  and  then,  after  being  partly  emptied  of  their 
contents,  are  discarded. 

Before  the  falling  of  leaves  a  separative  layer  is  first  formed  in  the  elongating 
leaf-base  (p.  143) ;  while  a  layer  of  cork,  formed  either  before  or  after  the  leaf- 
fall,  closes  the  leaf-scar.  The  formation  of  ice  in  the  absciss  layer,  as  may  easily 
bo  observed  after  the  first  frost,  facilitates  the  separation  of  the  leaf  from  the 
stem.  The  leaves  even  of  evergreen  plants  continue  living  but  a  few  years,  before 
they  too  fall  off.  Small  twigs,  especially  of  Conifers,  are  also  subject  to  the  same 
fate. 

The  cells  of  the  medullary  rays  afford  the  best  examples  of  long-lived  cells  con- 
stituting ][>ermanent  tissues.  In  many  trees,  as  in  the  Beech,  living  medullary 
ray  cells  over  a  bundled  years  old  have  been  found,  although,  for  the  most  part, 
they  live  only  about  fifty  years. 

Continuity  of  the  Einbi-yonic  Substance. — While  the  cells  of  the 
permanent  tissue  have  thus  but  a  limited  activity,  the  vitality  of 
the  embryonal  tissues  is  unlimited,  and  never  terminates  from  natural 
causes.  From  such  embryonal  tissue  the  growing  points  of  perennial 
plants  are  formed,  and  the  growing  points  of  their  descendants,  as 
Sachs  has  pointed  out,  are  also  derived  from  it,  through  the  substance 
of  the  sexual  cells.  The  embryonic  substance  does  not  change ;  it 
produces  new  individuals,  which  live  but  a  short  time,  but  is  itself 
perpetuated  in  their  offspring ;  it  continues  always  productive,  always 
rejuvenescent  and  regenerative.  The  thousands  and  thousands  of 
generations  which  have  arisen  during  the  past  ages  were  its  products ; 
it  continues  living  in  the  youngest  generations  with  a  capacity  for 
production  still  unabated  and  undiminished.  The  single  organism  is 
perishable ;  its  embryonic  substance,  however,  is  imperishable  and 
unchangeable,  and  continually  gives  rise  to  new  tissues.  Considered 
from  this  standpoint,  the  difference  between  short-  and  long-lived 
plants,  between  annual  herbs  and  thousand-year-old  trees,  appears  in 
quite  another  aspect.  From  the  embryonic  substance  of  the  oldest 
trees  there  are  produced,  each  year,  new  leaves  and  shoots,  which, 
however,  remain  united  with  the  dead  remains  of  former  years.  In 
annual  herbs,  on  the  other  hand,  the  embryonic  substance  in  the 
embryo  becomes  separated  each  year  from  the  dead  plant,  and  develop- 
ing new  leaves,  stems,  and  roots,  forms  a  completely  new  individual. 

The  old  and  well-known  maxim  of  Harvey's,  "Omne  vivum  ex 
ovo,"  is,  in  other  words,  only  the  expression  of  the  principle  of  the  con- 
tinuity of  the  embryonic  substances.    And  similar  to  it,  in  its  continual 
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vitality  and  organic  imperishability,  is  the  substance  of  the  lowest 
iinicuUulor  organisms,  continually  reproducing  themselves  by  division 
adJ  ever  changing  into  new  individuals. 


I 


I 


V.  The  Phenomena  of  Movement 

In  every  living  organism  [here  is  constantly  occurring  in  tlie 
course  of  the  metabolic  processes  an  active  movement  and  transposi- 
tion of  substance.  As  these  movements  are  for  the  most  part 
molecular  they  are  generally  imperceptible  ;  bnt  that  they  actually 
lake  place  is  demonstrated  with  absolute  certainty  by  the  local 
accumulation  and  diminution  of  substance,  shown  both  by  weighing 
and  by  the  results  of  chemical  analysis. 

There  are  also  other  forms  of  movement  which  play  an  impoitant 
part  in  the  physiology  of  every  orgaiusm,  and  on  which  its  vital 
processes  are  to  a  large  extent  dependent :  these  are  the  niovenientB 
dae  to  heat  and  the  related  conditions  of  vibration  resulting  from 
light,  electricity,  etc. 

A[)art  from  the  movements  of  this  class,  which  may  take  place 
within  organisms  which,  estemally,  are  apparently  at  rest,  there  occur 
also  in  plants  actual  changes  in  position,  externally  noticeable  but 
usually  of  gradual  operation ;  yet  in  special  cases  they  may  involve 
npid  motion.  These  movements  may  be  carried  on  either  by  the 
whole  plant  or  by  single  organs.  Reference  is  here  made  only  to  the 
SPON'TANBouu  UOVEHENT  resulting  from  the  activity  of  a  plant  organism 
itself,  and  this  should  not  be  coiirused  with  the  passive  movements 
dne  to  externally  operating  mechanical  agencies,  such  as  water  and 
wind,  which,  although  tbey  have  a  certain  im{]ortance  for  plant  life, 
will  not  be  here  considered. 

PROTapiA&M  itself  is  capable  of  diU'ercnt  movements.  Naked 
protoplxsmic  btidies  almost  always  show  slow  movements  resulting  in  a 
gradual  change  of  |>osilion ;  but  celts  enclosed  by  cell  walls  possess  also 
the  power  of  indKPKNde.st  wcomyrios,  often  indeed  to  a  considerable 
extent.  Multicellular  plants,  however,  as  n  rule  ultimately  attach 
themselves,  by  means  of  roots  or  otiier  organs,  to  the  place  of  germina- 
tion, and  .w  lose  (or  ever  their  jMwer  of  locomotion,  except  in  so  far 
aa  it  results  from  growth.  A'  gradual  change  in  position  due  to 
growth  is  apimrent  in  plants  provided  with  rhiKomes,  the  apical  ex- 
tremities of  which  arc  continually  growing  forward,  while  the  older 
purtioiiB  gradually  die  off.  A  yearly  elongation  of  5  em.  in  the 
apical  growth  of  the  rhizomes  would  result,  in  twenty  years,  in 
moving  the  plant  a  distance  of  one  metre  from  ita  original  position. 
A  seedling  of  Cuscvia  in  its  search  for  a  boat  plant  illustrates  the  power 
u(  maintaining,  for  a  time,  a  creeping  movement  over  the  surface  of 
the  soil :  a  growing  Qiulerpa  (Fig.  250)  likewise  exhibits  in  the  course 
of  jears  a  similar  advancing  movement.      In  addition  to  these  move- 


mente,  occasioned  by  a  growth  in  length,  plants  firmly  eslablished  in 
the  soil  possess  also  the  power  of  changing  the  position  and  direction 
of  their  organs  by  means  of  curvature  and  rotation.  In  this  way 
the  organs  are  brought  into  positions  necessary  or  advantageous  for  the 
performance  of  their  function.  By  this  means,  for  example,  the  stems 
are  directed  upwards,  the  roots  downwards ;  the  upper  sides  of  the 
leaves  turned  towards  the  light;  climbing  plants  twined  about  a 
support,  and  the  stems  of  seedlings  so  bent  that  they  break  through 
the  soil  without  injury  to  the  young  leaves. 


Movflments  of  Naked  Protoplasts 
The  creeping  movements  of  naked  protoplasts,  such  as  are  shown 
by  an  amoeba  or  plasmodium,  in  the  protrusion,  from  one  or  more 
Bides,  of  protuberances  which  ultimately  draw  after  them  the  whole 
^  protoplasmic    body,    or    are    themselves 

again  drawn  in  (Fig.  198),  are  distin- 
guished as  AMODBUiD  MOVKMENTS.  These 
movements  resemble,  externally,  the 
motion  of  a  drop  of  some  viscid  Huid  on 
a  surface  to  which  it  does  not  adhere,  and 
are  chiefly  due,  according  to  Bertiiold,  to 
superficial  tension,  wJiich  the  protoplasm 
can  at  difierent  points  increase  or  diminish, 
by  means  of  its  quality  of  irritability. 
(By  means  of  irregular  changes  of  surface- 
tension  similar  amoeboid  movements  are 
also  exhibited  by  drops  of  hfeless  fluids.) 

[  In     the    SWIMMING      MOVtaiENTS     BY 

.  MEANS  OF  CILIA,  OH  the  coutrary,  the 
'  whole  protoplasmic  body  is  not  involved, 
L  but  it  possesses  special  oi^ns  of  motion 

nujr  be   U.nnls  K  or  L,  and  Ki    in    the    form    of    wllil>Uke    FLAGELLA    Or 

uken  by  til.' miii-ia.  CILIA.      Ihese    may    be    one,    two,    four 

or  more  in  number,  and  arranged  in 
various  ways  (Figs.  6!),  70).  They  move  very  rapidly  in  the  water 
and  impart  considerable  velocity  to  the  jirotoplast,  often  giving  it  at 
the  same  time  a  rotatory  movement  While  the  swiftest  ship  requires 
10-1 5  seconds  to  travel  a  distance  equal  to  its  own  length,  the  velocity 
with  which  these  protoplasmic  bodies  are  impelled  by  their  cilia,  in  a 
second,  is  two  or  three  times  their  length,  although,  owing  to  their 
diminutive  size,  the  distance  travelled  by  them  in  an  hour  would 
amount  to  only  about  a  metre.  The  protoplasmic  body  is  conveyed 
by  the  motion  of  the  cilia  in  a  definite  direction,  which  is  so  regulated 
by  the  action  of  stimuli  that  it  may  be  instantly  changed.  In  this 
way  the  direction  and  velocity  of   the  ciliary  movements  are  made 
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serviceable  to  the  protoplasmic  organisms  through  the  irritability  of 
the  protoplasm.  Gravity  and  light,  certain  substances  in  solution, 
and  mechanical  hindrances  are  the  principal  influences  which  regulate 
the  movements  of  free -swimming  protoplasmic  bodies  and  cells. 
The  direction  of  the  movements  of  the  swarm -spores  of  Algae  are 
chiefly  determined  by  the  light.  So  long  as  they  remain  in  darkness 
they  move  through  the  water  in  all  directions  ;  but  as  soon  as  they  are 
illuminated  from  one  side  only,  a  definite  direction  in  their  movements 
is  perceptible.  They  move  either  straight  towards  the  light  or  turn 
directly  away  from  its  source.  Their  retrogressive  movements  from 
the  light  occur  either  in  case  of  too  intense  illumination,  or  at  a  certain 
age,  or  through  some  unknown  disturbing  irritation.  The  advantage 
of  such  HELIOTACTIC  MOVEMENTS  (phototactic)  is  at  once  apparent  when 
the  part  taken  by  the  swarm-spore  in  the  life  of  an  Alga  is  considered. 
In  order  to  provide  for  the  future  nutrition  of  the  stationary  Alga 
into  which  it  afterwards  develops,  it  must  seek  the  light.  If  a  point 
with  suitable  (that  is,  not  too  intense  and  not  too  weak)  illumination 
be  attained,  then  the  swarm-spore  must  attach  itself  by  the  end  which 
carries  the  cilia :  to  do  this  it  must  turn  itself  from  the  light  towards  a 
dark  object.  On  the  other  hand,  as  the  swarm-spores  do  not  come  to 
rest  at  all  in  absolute  darkness,  but  swim  continuously  until  thoroughly 
exhausted,  the  possibility  of  their  attaching  themselves  in  a  spot  devoid 
of  light  is  excluded,  and  where  the  new  plant  could  not  assimilate. 

The  SWARM-SPORES  of  water  Fungi  and  motile  Bacteria,  according  to 
Pfeffer's  investigations,  are  chiefly  influenced  in  their  movements  by 
the  unequal  distribution  of  dissolved,  solid,  or  gaseous  matter  (oxygen) 
in  their  environment.  According  to  their  momentary  requirements  and 
their  sensitiveness  to  stimuli,  they  hiove  either  towards  or  away  from 
the  points  of  highest  concentration. 

As  the  result  of  similar  chemotactic  movements  spermatozoids 
approach  the  female  sexual  organs.  Pfkffer  has  demonstrated  that  the 
spermatozoids  of  Ferns  are  enticed  into  the  long  necks  of  the  archegonia 
by  means  of  malic  acid:  while  the  archegonia  of  the  Mosses  attract  the 
spermatozoids  by  a  solution  of  cane-sugar.  In  such  cases  an  extremely 
small  quantity  of  dissolved  substance  is  often  a  sufficient  stimulus  to  call 
forth  active  chemotactic  movements  ;  a  0*001  per  cent  solution  of  malic 
acid  suffices  for  the  attraction  of  Fern  spermatozoids.  The  movements 
of  amoebae  and  plasmodia  are  similarly  induced  by  external  influences. 
These  naked  protoplasts  live  not  only  in  water  (anueba*),  but  also 
in  moist  substrata  (plasmodia,  amu'ba'),  and  seem  to  possess  the 
(x>wer  of  seeking  out  situations  with  more  moisture,  or  of  avoiding 
them  (before  the  formation  of  spores) :  their  movements  are  also 
influenced  by  the  direction  of  currents  in  the  water  (rheoUixis).  In 
cases  where  cells  enclosed  by  cell  walls  {Sphnerdla  pluri4ilis)  swim  freely 
about  by  means  of  cilia,  the  cilia  spring  from  the  protoplasm  and 
pierce  the  cell  walls. 


DiiiUiiiiB  uiid  Desmids  c\Libit  ijaitii  il  ditt'ureat  i/lnas  uf  movL-ments. 
DiatDius  glicli>  iiloiig,  usually  iu  ii  line  with  theii'  longitudiiul  axes,  and  clianga 
the  dircctiou  of  tlisir  moveiiipow  by  oBcUUtory  motions.  From  the  manner  ior 
wUich  Htu&ll  ]iurtiulea  m  their  iieiKljboarhoud  arc  net  in  motioii,  it  wbb  concluded 
that  apoclal  Organs  of  matiuu  [irobablj  protrude,  like  pseud opod in,  through  opei;  ~ 
iu  their  hard  ailieiSed  shell ;  nfhiU  more  recoutly,  in  a  few  iniitaiiopB,  HACrrrLEiaCH 
hwbeeu  able  to  teuderTiaible  the  protoplae in io  motile  orguu.  TUe  [irotmsioii  at*' 
tranapareut  thread  ofmuoiUginous  matter  is  claimed  to  have  been  seen  bJ'Bt^^Bcal4 
ftnd  Ladtkkborn  in  the  caae  of  a  largo  Diatom  which  propelled  itself  by  this  in< 
This  means  of  locomotion  reaembleB  that  of  the  uoarlj  related  Desmids,  which,  it 
hiw  l>een  shown,  maintain  their  peculiar  movements  with  Hie  help  of  a,  Bimiiar 
mucilaginous  protrosion.  The  pendnloua  advancing  moi-ement»  of  the  filamrntoua 
flKi/lariae  and  SyirtiHiiai:  are  also  said  to  be  dependent  upon  similar  inilciUfpnolH 
csudatlous.     Tin-  iiii-chunisni  of  the  luovcineuts  of  SjiiroQt/ra  is  still  nnexplained. 


The  Movements  of  Protoplasm  within  Walled  Cells 

Although  plants  which  ura  fiiialy  itltached  aod  stationary  exhibit 
no  sufh  locomotory  movements,  the  protoplasm  williin  their  cells  does 
possess  a  power  of  movement  Such  internal  protoplasmic  movemeota 
are  especially  active  i(i  the  nou-coUular  Sipluiiixn^,  in  the  elongated 
intemodal  cells  of  the  C/iaraceae  (Fig.  16T),  and  often  in  the  haira  ot 
many  plants,  as  well  as  in  the  leaf-cells  of  some  aquatic  plants.  Ths 
active  protopliisniic  currents  in  Cuiderpa  move  along  its  outer  walls  and 
afound  the  internal  cflllulose  bands,  stretching  from  wall  to  wall  in  ths 
manner  of  an  immense  imprisoned  Plasmodium. 

The  three  following  difl'erent  forms  of  protoplasmic  movement 
within  cell  cavities  may  be  distinguished :   circulation,  rotation, 

and  ORIENTATION. 

In  the  case  of  circiilatokv  movembnt  the  different  currents  of 
protoplasm,  although  often  quite  close  together,  flow  Jn  different 
directions.  This  motion  is  seen  most  frequently  in  cells  of  which  tbS' 
nucleus  is  suspended  in  the  centre  of  the  cell  cavity  by  means  ci 
protoplasmic  threads.  Iu  these  threads  continuous  protoplasmic 
currents  flowing  towards  and  away  from  the  nucleus  connect  the 
proto]>!asm  enveloping  it  with  the  protoplasm  clothing  the  cell  wjJl 
(Pig.  53).  Sometimes,  even  in  extremely  tine  threads  of  protoplasm, 
two  currents  may  be  seen  to  pass  each  other  {e.g.  in  the  stamens  of 
TradrsMvtta,  the  stinging  hairs  of  Urtka,  and  the  bristles  of  CwMihita). 

In  the  rotatory  movement  the  protoplasm  moves  along  ths 
coll  wall  iu  one  direction  only,  dragging  with  it  the  nucleus  and  ofton  ' 
also  the  chlorophyll  grains.  In  an  elongated  cell,  in  which  the  rototioa 
usually  takes  place  in  the  direction  of  the  longitudinal  axis,  as  th« 
proloplaam  forms  one  united  body,  there  must  be  a  strip  of  immovable  • 
protoplasm  which  separates  the  rotating  masses.  This  stationary 
part  is  termed  the  nkitral  or  interfbrencb  zone.  The  rapidity 
of  the  movement  diminishes  towards  the  cell  wall,  and  the  layer  of 
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piotoplRsm  directly  contiguona  to  the  cell  wall  is  not  in  motion.  The 
rotatory  movements  arc  easily  seen  in  Chara  and  MUlla,  where  they 
uke  a  spiral  course,  and  they  are  also  very  energetic  in  the  cells  of  the 
lesvcs  of  Elnden  cnmulrnm  and  of  yalltsnma  spiralis,  and  also  in  the 
rool-hairs  of  Ilydrocha^-is  nu^sus  ruiuM  and  Triayiea  boffiitensin. 

The  caUH  of  tliew  iDoremeiitH,  wliivb  majr  t&ko  diHerent  ilireotions  ia  adjoining 
r«lla,  «nd  UU17  sImi  cootinue  ttftcr  tli«  jii'Olflptasni  hiu  been  dtnwD  away  from  the 
i-vll  valla  bj  I'laemolyds  (|>.  ISC),  in  not  yet  understood.  Il  is,  lioWEVer,  known 
tJial  tUc  oontinuanoennd  activity  of  Bucli  protoplaamio  niovementB,  the  existenco  or 
which  was  first  otiBerred  hj  CoBTI  in  1772,  and  later  rediBcovmed  by  TaEViiUKrs 
in  I8(l7i  are  dependent  on  tactoni  which,  in  general,  aiipport  and  promote  the  vital 
•etiTtty;  while  the  prMenco  of  free  oxygen  and  projier  conditions  of  temperature 
••cm  to  be  particularly  favourable  to  thum.  Through  the  study  of  sections  in  the 
■villi  of  which  currents  had  l)een  induced  in  the  protaplaam,  by  the  iqjurieii  eustained 
an  Uieir  jirejwratioD  and  by  other  abnonaal  conditiona,  grave  errors  have  sriaen 
ooDcvruiiig  the  existence  nfsuoh  protoplasmic  movements  in  ci^lls,  in  which  under 
twnnal  conditions  they  cannot  be  observed.  The  presence  of  protoplasmic  currentc 
in  a  cell  may,  in  fact,  indicate  either  an  energetic  vital  activity,  or,  on  the  other 
banil.  Im  merely  a  symptom  of  a  [latbolo^cal  or,  at  least,  of  an  excited  condition  of 
the  jmiloplikOIi. 

The  movement*  of  orientation  of  the  protoplasmic  body  do  not 
proceed  in  the  same  uninterrupted  manner  as  the  circulatory  and 
rotatory  movements.  They  are  also  usually  so  gradual  a*  to  he  only 
recognisable  through  their  operations.  They  are  induced  by  changes 
in  the  external  influences,  especially  as  regards  the  intensity  of  the 
light,  and  result  in  producing  a  definite  position  of  the  protoplasmic 
bodies,  »,  for  example,  the  orientation  of  the  chloropliyll  grains  with 
rvgard  to  the  light. 

SlnvcRleuta  of  this  kind  liave  been  most  frequently  observed  in  Algae,  in  ailt» 
margni  Dookweed  (l^BiKU  iTiaHlea),  in  the  prolhallia  of  Feme  and  Mosses  ;  but 
■imitar  movemenLt  can  also  be  observed  iu  the  higher  plants. 

It)  the  cells  of  the  filamentous  Alga  Mesncarpia,  the  chloroplasts,  in 
the  form  of  a  single  plate  suspended  length-wise  in  each  cell,  turn 
upon  their  longitudinal  axes  according  to  the  direction  and  intensity 
of  the  light.  In  light  of  moderate  intensity,  according  to  Stahl's 
observations,  they  place  themselves  transversely  to  the  source  of  light, 
so  that  they  are  fully  illuminated  (transverse  position);  when,  on  the 
other  hand,  they  are  exposed  to  direct  sunlight,  the  chlorophyll  plates 
arp  so  turned  that  their  edges  are  directed  towards  the  source  of  light 
(profile  position).  A  similar  protection  of  the  chloroplasts  against  too 
intense  light,  and  their  direct  exposure,  on  the  other  hand,  to  more 
moderate  illuniiDation,  is  accomplished,  wheio  they  are  of  a  diHerent 
form  and  more  numerous,  by  their  difTcrent  disposition  relative  to  the 
L-oll  walls.  In  moderate  light  the  chlorophyll  bodies  arc  crowded 
ftlong  the  walls,  which  arc  transverse  to  the  direction  of  the  rays  of 
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light  (Fig.  199,  T). 


Fio.  190.— Varying  i>osition>  taken  by 
tho  ohluropliyll  grains  in  iha  cells  of 
Lemna  triftil'V  in  illuniinatiun  of  dif- 
ferent intensity.  T,  in  difluse  day- 
light ;  N,  in  direct  sunlight ;  N,  at 
night.  The  arrows  indicate  the  direc- 
tion of  the  light.    (After  Staiil.) 


They  quickly  pass  over  to  the  walls  parallel  to 
the  rays  of  light,  however,  as  soon 
as  the  light  becomes  too  intense, 
and  so  retreat  as  far  as  possible  from 
its  action  (Fig.  199,  S).  In  darkness 
or  in  weak  light  the  chloroplasts  group 
themselves  in  still  a  third  way  (Fig. 
199,  iV),  the  advantage  of  which  is  not 
altogether  clear. 

The  form  of  the  chlorophyll  bodies 
themselves  undergoes  modification  dur- 
ing changes  in  their  illumination  ;  in 
moderate  light  they  become  flattened, 
while  in  light  of  greater  intensity  they 
are  rounded  and  thicker. 


As  a  s()ccia]  mode  of  protection  against 
too  intense '  light,  the  chloroplasts  of  the 
Siphoneae  (and  the  same  thing  is  observed 
in  many  plants)  become  hailed  together  in 
separate  clumps.  In  correspondence  with 
the  changes  in  the  position  of  the  chloro- 
plasts, the  colouring  of  green  organs  natur- 
ally becomes  modified.  In  direct  sunshine 
they  appear  lighter,  in  diffused  light  a 
darker  green.  The  attention  of  Sachs  was 
first  called  to  the  phenomena  of  the  move- 
ments of  the  chloroplasts,  by  the  accidental 
observation  that  the  shadow  of  a  thermo- 
meter was  represented  in  dark  green  on  a 
leaf  otherwise  directly  illimunate<l  by  the 
sun. 

"Wounds  and  one-.sided  cell-wall  thicken- 
ings likewise  give  rise  to  orientation  move- 
ments, as  they  occasion  a  crowding  together 
on  one  side  of  the  nucleus  and  protoplasm. 


Movements  producing  Curvature 

The  movements  of  the  organs  of  stationary  plants,  unicellular  as 
well  as  multicellular,  are  accomplished  by  means  of  curvatures.  In  an 
organ  that  has  grown  in  a  straight  line  the  longitudinal  sides  are  all  of 
equal  length  ;  in  an  organ  that  is  curved,  however,  the  concave  side  is 
necessarily  shorter  than  the  convex  side.  When,  accordingly,  the 
opposite  sides  of  a  pliable  organ  become  of  unequal  length,  the  organ 
must  curve  toward  the  shorter  side  (Fig.  168).  Inequality  in  the 
length  of  the  opjKJsite  sides  may  result  from  various  causes.  A 
curvature  occurs  if  the  length  of  one  side  remains  constant,  while  the 
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opposite  side  becomes  shorter  or  longer,  and  also  from  the  unequal 
elongation  or  contraction  of  both  sides,  and  similarly  from  the  elonga- 
tion of  one  side  and  the  contraction  of  the  other. 

Such  cui'vatures  most  frequently  occur  in  plants  as  a  consequence 
of  UNEQUAL  GROWi'H.  More  rarely  they  are  due  to  the  different  length 
of  the  opposite  sides,  resulting  from  unequal  turgor  tension.  This  is 
principally  the  case  in  fully-grown  organs,  as  in  leaf-cushions  (p.  268) 
and  stamens.  A  third  source  of  curvature  is  found  in  the  unequal 
amount  of  water  taken  up  by  imbibition,  and  the  consequent  unequal 
distension  of  the  cell  walls  on  the  opposite  sides  of  an  organ. 


I 


1.  Hygroscopic  Curvatures  (Imbibition  Movements) 

As  the  cell  walls  of  actively  living  cells  are  always  completely 
saturated  with  imbibition  water,  hygroscopic  curvatures  are  exhibited 
only  by  dry  and,  for  the  most  part, 
dead  tissues ;  although  occasionally 
they  also  take  place  in  living  tissues 
which  can  endure  desiccation  without 
injury,  as  in  the  cases  of  Mosses, 
Lichens,  and  Selagiiiella  lepidophylla 
(p.  179).  The  hygroscopic  move- 
ments in  any  case,  however,  are  due 
to  the  physical  properties  of  the  cell 
walls,  and  have  no  direct  connection 
with  the  vital  processes,  except  in 
so  far  as  the  capacity  of  cell  walls 
to  swell  and  take  up  large  quanti- 
ties of  imbibition  water  is  due  to 
the  protoplasm  by  which  they  were 
formed.  The  activity  of  the  proto- 
plasm in  the  formation  of  the  cell 
walls  is  likewise  manifested  in  their 
anatomical  structure,  in  their  strati- 
fication and  striation,  and  in  the 
position  of  the  pits,  as  well  as  in 
the  arrangement  and  disposition  of 
the  cells  themselves. 

The     absorption    of    imbibition 
water  by  cell  walls  is  accompanied  A,  Jf 

by  an  increase  in  their  volume,  and  fkj.  200.— Fniit  of  A'nx/iuw  gntinum,.  A,\n. 
conversely  the  volume  of  the  cell  'l'"  ''7  ^''J'""''.  """•' :  '>•  '■""»'  "-J 
walls  is  diminished  by  the  evaporation 

of  the  imbibition  water.  Accordingly,  whenever  unequal  amounts  of 
water  are  held  by  the  cell  walls  on  the  different  sides  of  an  organ,  either 
through  unequal  absorption  or  evaporation,  hygi'oscopic  movements 
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are  produced,  which  result  in  the  curvature  of  the  organs.  In  many 
cases  the  organs  of  planU  are  especially  adapted  to  auch  movements, 
by  means  of  which,  in  fact,  important  operations  are  often  accom- 
plished, as,  for  example,  the  dehiscence  of  seed-vessela  and  the  dis- 
semination and  bnrial  of  seeds. 

Tlie  rujiture  of  rip*  ai'wl- vessels,  as  well  M  tlieir  dehiscence  bj  the  opening  of 
Bpecia!  ftperturos  iFajuitxr,  Lydinit,  Antirrhinum,  etc.),  is  a  ponBoquene*  of  tli* 
unequal  contraction  of  the  t^ell  walla  duo  to  dosicoation.  At  the  Bame  tinii", 
through  tha  sudden  reldxation  of  thr  teusiuu,  the  seeds  are  o(len  shot  onl  to 
a  great  distsnco  ( Tricoecar,  etc. ).  In  csrtain  fruits  not  only  cuM-atures  hut  torsions 
■re  produced  aa  tlie  result  of  changes  in  the  amount  of  water  they  contain,  t-g. 
jGVorfiUDi  ifruiNUin  (Pig.  200),  SHpa  penwiia,  Avena  slerittt,  \tyiatMui  ot  which,  ID 
conjunction  with  their  stiff  barb- like  hura,  the  seeds  bur;  themselves  in  the  earth. 

The  opening  and  cloaingof  the  involucre  at  many  Compoiil<u(Erigervm,  Carlina, 
etc.]  at  the  time  ut  tha  ripening  of  the  seeds,  and  the  changes  in  the  jiositiui  of  ths 
pappus-hairs  [raraaMieum,  Tragupogun,  etc.),  areabodue  to  hygroscopic  movements 
resulting  from  variations  in  the  amonnt  of  moisture  in  the  atmosphere.  In  dry 
weather  the  ]iappus  is  spread  out  in  tlie  form  of  an  umbrella,  but  in  wet  weather  it 
closes  a\t.  The  opening  of  anthers  and  sporangia,  the  rupture  of  nioss-oa]isulea, 
and  the  diBseminstion  of  the  spores  of  the  Mjviaftaccae.,  Hepaiicat,  and  Myiaimj/ttltt 
are  also  effected  by  similar  luuveinenls.  Anthers  and  sporangia  possess  peculiarly 
thieliened  culls  (Hhrous  cells,  bduuIub),  by  the  coatraction  of  vliich  their  dehiscence 
is  produced.  The  ojiening  of  the  moss-sporaiigiuni  is,  in  like  manner,  due  to  tha 
hygroscopic  movements  of  the  teeth  of  the  jieipiatoine,  while  the  sporangia  of  tha 
liverworts  are  provided  with  special!;  thiokened  spiral  bands  (elatcrs),  which,  lik* 
the  capillitia  of  the  Myxomycdxt,  effect  the  discharge  of  the  apores.  In  tliu  oaan 
of  the  Squitelaecae  the  outer  walls  of  the  spores  themselves  (the  perinium)  taka 
the  form  of  four  arms,  which,  like  elaters,  are  capable  of  active  movonieuU,  by 
means  of  which  numbers  of  spores  become  massed  together  before  germinating,  and 
the  isolation  of  the  diiscious  prothallia  prevented. 

In  order  to  call  forth  jmhibitiou  moremunts  the  actual  presence  of  liquid  water 
is  not  necessary  ;  for,  through  their  hygroscopicity,  cell  walls  have  the  power  of 
absorbing  moisture  from  the  air.  They  are  hygroscopic,  and  for  this  reason  lh« 
ensuing  movements  are  also  often  termed  hygroscopic 


2.  Growth  Curvatures 
Movements  from  which  curvatures  result  are,  for  the  moat  part, 
produced  by  the  unequal  growth  of  living  organs.  The  unequal 
growth  is  due,  partly  to  internal  causes  which  are  stit)  undetermined, 
and  partly  to  the  oi>eratioji  of  ext«rnat  influences  which  can  be  posi- 
tively demonstrated  and  delined.  The  movements  resulting  in  iho 
first  case  are  spontaneous,  and  are  called  ArxoNOMlc  MOVRMKNTs  or 
NUTATIONS ;  in  the  second  case  the  movements  are  the  result  of 
external  stimuli,  and   are  distingiiisbod   as   irritable   or   I'AR.*toxic 

MOVFMSSTA. 

Autonomic    Movements    are    most    plainly   apparent    in    young 
actively-growing  organs,  although  nutations  have  been  shown  to  be 


exhibited  hy  nil  growinj^  plants,  us  their  tips  do  not  grow  forward  in 
a  Btmight  line,  but,  instead,  describe  irre^ilar  elliptical  curves.  These 
■novemeDts,  which  Darwin  termed  circum nutations,  while  often  not 
perceptible  to  the  eye,  are  very  noticeable  iu  eome  epecial  organs. 
The  unfolding  of  most  leaf  and  flower  buds,  for  example,  in  a  nutation 
movement  which,  in  this  instance,  is  induced  by  the  more  vigorous 
growth  of  the  inner  side  of  the  young  leaves.  The  same  unequal 
growth  manifests  itself  most  noticeably  in  the  leaves  of  Ferns  and 
many  Cifaidnie.  In  the  same  manner,  movements  of  nutation  are 
onscd  in  other  lateral  organs  when  growth  is  more  energetic  on  either 
the  u[>per  side  (kpinasty)  or  on  tiie  lower  side  (hyi*onasty).  From 
the  nutation  of  the  shoots  of  Ampelops'is  quiiujiiefolia  a  curvature  is 
produced  which  continuously  advances  with  the  increased  growth  ;  so 
^t,  by  means  of  its  hooked  extremity,  a  shoot  is  better  enabled  to  seek 
out  uid  cling  to  a  support.  When  the  unequal  growth  is  not  confined 
to  one  side,  but  occurs  alternately  on  different  sides  of  an  organ,  the 
natations  which  result  seem  even  more  remarkable.  Such  movements 
kre  [larticularly  apparent  in  the  tlower-stalk  of  an  Onion  or  of  Yucra 
fiatnfotom,  which,  although  finally  erect,  in  a  hntf-grown  state  often 
enrvea  over  so  that  its  tip  touches  the  ground.  This  extreme  curvature 
H  not,  however,  of  long  duration,  and  the  flower-stalk  soon  becomes 
greet  again  and  bends  in  another  direction.  Thin  and  greatly  elon- 
gated organs  must,  from  ])urely  physical  reasons,  quickly  respond  to  the 
^ecta  of  unequal  growth.  The  thread-like  tendrils  of  many  climbing 
pUnta,  BO  long  as  they  are  in  a  state  of  active  growth,  afford  excellent 
objects  for  the  observation  of  nutation  movements.  If  the  line  of 
greatest  growth  advances  in  a  definite  direction  around  the  stem,  its 
■pex  will  exhibit  similar  rotatory  movements  (revolving  nutation). 
Thu  form  of  nutation  is  characteristic  of  the  tendrils  and  shoots  of 
climbing  plants,  and  renders  possible  their  peculiar  mode  of  growth. 
The  so-fAU.KD  REVOLVING  nutation  of  twinino  i*lant.s  is  not  an 
AUTONOMIC  movement,  and  will  be  considered  later  with  the 
paratonic  movements, 

Paratonic  Movements. — The  phenomena  of  paratonic  movementa 
■re  of  the  very  greatest  importance  to  plant  life,  for  through  their 
opemtions  the  organs  of  plants  first  assume  such  positions  in  the  air,  or 
water,  or  tn  the  earth  as  are  necessary  for  tbo  performance  of  their  vital 
fnnctions.  A  green  plant  which  spread  its  roots  over  the  surface  and 
unfolded  its  leaves  below  ground  could  not  exist,  even  though  all 
ita  members  possessed  the  best  anatomical  structure.  The  strongest 
Toota  would  become  dried  up  without  the  necessary  absoqttion  of 
water,  and  the  leaves  could  not  assimilate  in  the  dark.  The  organisa- 
tion BH'l  Biwcific  functions  can  have  effect  only  when  the  root 
{>enetrat«s  the  soil.  Similarly,  the  leaves  are  efficient  oidy  when 
exposed  to  air  and  tight.  Seeds  are  not  always  so  deposited  in  the 
■oil,  with  the  embryonal  stem  directed  upwards  and  the  radicle  down- 
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wards,  that  their  different  organs  can,  merely  by  direct  growth,  attain 
at  once  their  proper  poaittoii.  A  gardener  does  nut  take  the  trouble 
to  ascertain,  in  sowing  seed,  if  the  end  whiuli  produces  the  root  is 
directed  downwards  or  the  stem  end  upwards,  be  knows  that  in  any 
position  the  roots  grow  into  the  ground  and  the  stems  push  themselves 
above  the  surface.  Plants  must  accordingly  have  in  theniselvea  the 
power  of  placing  their  organs  in  positions  best  adapted  to  the  condi- 
tions of  their  environment.  That  is  only  possible,  however,  when  th« 
externally  operative  forces  and  substances  can  so  influence  the  growth 
of  a  plant  that  it  is  constrained  to  take  certain  definite  dlrectiona. 

The  same  external  influences  excite  different  organs  to  assume 
quite  different  positions.  Through  the  intlucnce  of  gravity,  the  tap- 
root grows  directly  downwards  in  the  soil,  while  the  lateral  roots  lake 
a  more  or  less  diagonal  direction.  The  main  stem  grows  perpendi- 
cularly upwards ;  it,  like  the  primary  root,  ia  orthothopic.  The  lateral 
branches,  on  the  other  hand,  just  as  the  secondary  roots,  assume  an 
incliued  position  and  are  PLAgiotropic.  The  apical  extremities  of 
shoots  are  constrained  to  seek  the  source  of  light ;  the  leaves,  on  the 
contrary,  under  the  same  influence  place  their  surfaces  trausveraely  to 
the  direction  of  the  rays  of  light. 

The  different  posilioDs  assumed  by  an  organ  wljen  acted  upon 
by  external  influences  has  been  termed  by  Sachs  ANISOTROPY.  In 
addition  to  the  purely  morphological  stnicture  of  the  plant  body, 
anisotropy  also  determines  essentially  its  external  form  and  appearance. 

That  all  these  paratonic  moveraenta  cannot  result  merely  from  the 
action  of  external  forces  alone  will  be  at  once  recognised  if  it  be  taken 
into  consideration  that  anisotropic  but  in  other  respects  similar 
organs  are  affected  differently  by  the  same  influences,  and  that  even 
the  same  organs  react  differently  at  different  ages ;  and  that,  moreover, 
the  oxtornnl  forces  produce  effects  which  bear  no  relation  to  their 
usual  physical  and  chemical  operations.  It  will,  on  the  contrary,  be 
at  once  apparent  that  they  are  rather  the  result  of  definite  processes 
of  growth,  arising  from  an  irritability  to  stimuli  induced  by  external 
influences  (rf.  p.  161). 

In  order  that  external  influences  may  produce  such  stimuli, 
plants  must  be  sensitive  to  stimuli,  that  is,  the  stimuli  must  producs 
in  them  certain  modifications  with  which,  in  turn,  certain  definite  vital 
actions  are  connected.  Tlie  precise  manner  in  which  an  external  influ- 
ence produces  an  internal  stimulation  within  an  organism  is  not  at 
present  known.  In  order  that  an  external  physical  force  can  operate 
a  stimulus,  there  must  exist  within  the  living  siibstance  definite  strao- 
tures  or  organs  which  are  influenced  by  it.  When  the  position  of  an 
organ  is  dependent  upon  the  direction  of  an  external  influence, 
sensitive  structure  must  possess  polarity.  But  for  such  a  polar  strao' 
ture  to  be  of  any  effect,  it  must  have  a  definite  orientation ;  so  it  fi 
necessary  to  assume  that  the  DIRECTIVE  HTIMI'U  ARK  RBJEIVBD  BT 
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THE  RESTING  PORTIONS  OF  THE  PROTOPLASM,  THAT  IS,  BY  THE  SURFACE 

LAYER.  The  movements  of  growth  occasioned  by  external  stimuli  are, 
for  the  most  part,  movements  in  response  to  directive  stimuli  which 
lead  to  a  definite  position  of  the  organ,  relatively  to  the  direction  of 
the  operative  influence.  The  principal  external  stimuli  that  come  into 
consideration  are  light  (and  electricity),  heat,  gravity,  chemical  influ- 
ences (oxygen,  nutritive  substances,  water,  etc.),  impact  and  friction. 

Ab  the  points  of  greatest  irritability  in  plants  or  their  organs  are  often  more  or 
less  removed  from  the  points  where  the  effect  of  the  stimulation  is  manifested,  a 
propagation  of  the  stimulation  must  take  place.  Thus,  a  stimulus  received  hy  a 
non-motile  organ  may  be  conveyed  to  an  organ  capable  of  motion,  and  tliere  j>roduce 
movement.  In  the  case  of  roots,  for  example,  the  gootropic  stimulus  is  received 
by  the  non-motile  root-tip,  while  the  movement  is  induced  in  the  part  of  the  root 
in  process  of  elongation. 

The  capacity  of  organs  to  assume  a  definite  direction  by  means  of 
curvatures  of  growth  is  distinguished,  according  to  the  nature  of  the 
particular  inciting  stimulus,  as  heliotropism,  geotropism,  hydrotropism, 
etc.  ;  and  these  again  are  either  positive  or  necjativk,  according  as  the 
direction  taken  by  the  curvature  is  towards  or  away  from  the  instating 
stimulus  ;  while  plant  organs  which  place  themselves  more  or  less 
transversely  to  the  line  of  action  of  the  openitive  forces  are  termed 
DIATKOPIC.  As  a  special  result  of  diatropism,  a  transverse  position  is 
assumed  which  is  exactly  at  right  angles  to  the  direction  in  which 
the  influence  which  acts  as  the  stimulus  is  exerted.  Dorsiventral 
organs,  in  particular,  exhibit  a  tendency  to  assume  diatropic  and  even 
transverse  positions. 

A.    Ild'udropisin 

The  importance  of  light  to  plant  life  is  almost  incalculable.  It  is 
not  only  absolutely  essential  for  the  nutrition  of  gret'u  plants,  but  it 
has  also  a  powerful  effect  upon  the  growth  and  general  health  of  the 
plant  organs.  Deprived  of  light  for  any  length  of  time,  leaves  and 
flowers  usually  fall  off;  fully  developed,  vigorous  organs  of  green 
plants  soon  become  yellow  in  the  dark,  and  droop  and  die.  Prolonged 
darkness  acts  like  a  poison  upon  those  portions  of  plants  accustomed 
to  the  light.  On  the  other  hand,  exactly  the  reverse  is  true  of  jdants 
or  organs  whose  normal  develoi)ment  is  accomplished  in  darkness. 
Ui)on  them  the  light  has  a  most  injurious,  even  fatal,  effect,  as  may  be 
easily  observed  in  the  case  of  Fungi  and  Bacteria.  The  hygienic 
importance  of  daylight  in  dwelling-places  is  due  to  the  destructive 
action  of  light  upon  such  forms  of  {)lant  life.  Tiiat  some  plants  seek 
the  light,  while  others  avoid  it,  is  not  surprising  in  view  of  the 
adaptability  which  organisms  usually  exhibit  in  respect  to  the  in- 
fluences with  which  they  come  in  contact  in  the  natural  course  of  their 
development 

A  good  opportunity  for  the  observation  of  heliotropic  phenomena 


is  affordei]  by  ordinary  window-plnnM.  The  stems  of  such  plants  do 
not  grow  erect  as  in  the  ojien  air,  but  are  inclined  towarda  the  window, 
and  the  leaves  are  all  turned  towards  the  ligJit  as  if  seeking  help.  The 
leaf-Btalks  and  stems  are  accordingly  POsirrvF.LY  HELldTROPif.  In. 
contrast  with  these  organs  the  loaf-hlades  take  up  a  position  at  right 
angles  to  the  vays  of  light  in  order  to  receive  as  much  light  as  possible. 
They  are  diahe]iotro]>ic,  or  tranbverski.y  HEUfiTROFic.  in  the  strictest 
sense  (Fig.  301).  If  among  the  plants  there  should  be  one  with  aerial 
roots,  Chhii-nphylvm  for  instance,  an  example  of  NEGATIVE  HELIOTHOPIsir 
will  be  affbi'ded.  an  the  aerial  r'jots  wilt  be  found  to  grow  away  from 
the  window  and  turn  towards  the  room. 

For    more    exact    investigation    of    beliotropic    movements    it    ia 
necessary  to  be  able  to  control  more  accurately  the  source  and  direction 
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of  the  light  This  can  be  best  accomplished  by  placing  the  planU  in 
a  room  or  box,  lighted  from  only  one  side  by  means  of  a  narrow^ 
opening  or  by  an  artificial  light.  It  then  becomes  apparent  that  the 
direction  of  the  incident  rays  of  light  determines  the  hcliotropic 
position ;  every  alteration  in  the  direction  of  the  rays  produces  % 
change  in  the  position  of  the  heliotropic  organs. 

The  apical  ends  of  positively  heliotropic  organs  will  be  found  to 
take  up  the  same  direction  as  that  of  the  rays  of  light. 

The  exButness  irith  which  this  is  done  ia  illustrated  by  >ii  uxpurimeat  lusile 
with  JHIobofut  eriislatliHu».  Tlie  !i]i(iraiigiaphores  or  this  FungiiR  are  qiiiokjy 
produced  on  moist  hoTBc  or  cow  dung.  They  »re  positively  hFliotropie,  and 
theii  dirk  sjioranttiB  towards  the  source  of  light.  When  ripe  these  spantngia  ara 
shot  awny  from  the  pUnt.  and  wil]  lie  Touud  Ihickl;  clustered  abont  the  centre  of 
the  glass  covering  ■  small  operture  through  which  the  light  has  hern  admitted 
proof  that  the  sponingiophores  were  all  previously  jwinted  eiactly  in  that  direct! 


Upon  closer  investigation  of  the 
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HBUOTROPic  CURVATURE  of  an  orgaii  is  acconj{jlislied,  it  is  found  that 

THE  SIDK  TURNED  TOWARDS  TIIK  LIGHT  GROWS  MORE  SLOWXV,  THE  SIDE 
AWAY    FROM    THE    LIGHT    MORE    RAPIDLY    THAN    WHEN    ILLUMINATED 

riioif  ALL  SIDES.  This  may  be  rewiily  shown  by  previously  marking 
with  Indian  ink  regular  intervals  from  one  to  two  luillimetres  apart 
Dt]  the  opposite  sides  of  the  orgaii.  Aft«r  the  curvature  lias  taken 
plscQ  the  intervals  between  the  marks  will  be  found  to  be  mucli 
farther  apart  on  the  shaded  side  than  on  the  side  turned  to  the 
light.  As  compared  with  the  elongation  under  normal  conditions 
of  growth,  the  marks  on  the  illuminated  aide  iiave  remained  nearer 
together,  while  those  on  the  siiaded  side  have  drawn  farther  apart ; 
that  is,  the  growth  in  the  case  of  a  positive  heliotropic  curvature  has 
been  retarded  on  the  illuminated  side  and  promoted  on  the  shaded 
side.      It  niso  becomes  evident,  from  observation  of  the  ink-marks, 

THAT  CURVATURE  TAKES  PLAt^  ONLY  IN  THE  PORTIONS  OK  STEMS 
BTILL  IN  I'lUX-ESS  OF  GROWTH,  AND  THAT  THE  CrRVATUHE  IS  GREATEST 

WiiBRK  THE  GRo^^TH  IS  MOST  VIGOROUS  (Fig,  201).  The  curvature  is 
then  only  a  result  of  unequal  growth  induced  by  one-sided  illumination. 

It  was  Rirmerly  believed  that  the  increasucl  gn)wtli  oF  tin:  shaded  aHe  was  jiro- 
dnocdhy  IhelieginniDgorelinUtion,  aud  that  the  diniiuixheilt^wtUoii  the  illamia- 
U«J  aidfl  was  due  to  the  retardiug  ctTect  whivh  light  e^ierts  ujKia  gruwth  iu  leugth 
(p.  234).  Other  beliotro[iii:  phenanieDa  weru  luimd  to  be  at  variauce  with  thia 
ix[ilaiiation  of  heliotropiun.  Unicellubr  iicrlei^tly  tmiisiuireut  Fuugus  hy|iliR  are 
Um  lubjcct  to  poaitira  heliotropic  curvature,  although  in  this  iiisunce  there  can 
ta  no  ahaded  side  :  ou  the  contrary,  the  side  of  a,  liypha  tiiroed  away  rrom  tlje 
light  ia  especially  illutuiiiBted  on  account  ol'  the  refraction  of  the  light  raya.  The 
ladt,  too,  that  nogatlTe  heliotropic  curvatures  also  take  place  renders  it  evident  that 
bdiotropiBm  cannot  b«  due  to  one-8id«d  etiolation  ;  lur  in  negative  heliotropinni 
tht  mde  moat  diructly  illuminated  ix  the  one  that  growit  more  rapidly,  although 
tfi«rct>rdiiigeireetof  light  on  the  normal  growth  in  length  of  negatively  heliotropic 
■aigalu  in  v<inally  oiierative  (roots,  rhizouiorpha). 

It  is  evident  from  these  considerations  that  it  is  not  the  difference 
[  in  the  intensity  of  the  light  which  causes  the  heliotropic  curvatures, 
I  but  the  direction  in  which  the  moat  intoiiBc  light  rays  enter  the  organs. 

LlOUT  ACTS  AS  A  MOTORY  STIMULUS  WHEN  IT   PENETRATES    AN    ORCAN 
I    IN  ANY  OTHER    DIRECTION  THAN  THAT  WHICH  CORRESPONDS  M'lTH  THE 

f  POSITION  OF  HELIOTROPIC  EQUILIBRIUM. 

The  heliotropic  curvatures  are  most  strongly  produced,  just,  as 

I  In  the  case  of   the  fauliotactic  movements  of  freely  moving  swarm- 

■pores,  by  the  hlue  am!  violet  rays,  while  red  and  yellow  light  oxeria 

only  an    extremely  slight    iuduenco,  or    none    at  all.     It  is  due  to 

I  the  fact  that  the  red-yellow  and  bhie-violet  luya  are  always  present 

[  together  in  daylight,  that  the  heliotropism  of  the  leaves  is  of  advuntage 

(o  their  assimilatory  activity. 

Sensibility  to  heliotropic  influences  is  prevalent  throughout  the 
,   vegetable  kingdom.      I^ven  organs  like  the  roots  of  trees,  which  are 
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never  under  ordinary  circumstances  exposed  to  the  light,  often  exhibit 
helio tropic  irritability.  Positive  heliotropism  is  the  rule  with  aerial 
vegetative  axes.  Negative  heliotropism  is  much  less  frequent ;  it  is 
observed  in  aerial  roots,  and  sometimes  also  in  climbing  roots  (Ivy, 
Ficus  stipulnta,  Begania  scandens),  in  the  hypocotyl  of  germinating 
Mistletoe,  in  many,  but  not  all,  earth  roots  {Sinapis,  Hdianthus\  in 
tendrils  (chiefly  in  those  with  haptera  or  holdfasts),  and  in  the  stems 
of  some  tendril -climbers.  By  means  of  their  negative  heliotropic 
character,  the  organs  for  climbing  and  attachment  turn  from  the  light 
towards  their  support,  and  are  pressed  firmly  against  it. 

Negative  heliotropic  curvatures  are  occasionally  produced,  not  in  the  region  of 
most  rapid  growth,  but  in  the  older  and  more  slowly  growing  portions  of  the  stem. 
The  stems  of  Tro2)(teolum  majus,  for  example,  exhibit  positive  heliotropic  curvatures 
in  the  region  of  their  greatest  elongation  ;  but  lower  down  the  stems,  with  the 
retardation  of  their  growth,  they  become  negatively  heliotropic. 

Transverse  heliotropism  is  confined  almost  solely  to  leaves  and 
leaf-like  assimilatory  organs,  such  as  Fern  prothallia  and  the  thalli  of 
Liverworts  and  Algae.  In  these  organs  transverse  heliotropism,  in 
conformity  with  its  great  utility  for  assimilating,  predominates  over  all 
other  motory  stimuli.  Thus  it  is  possible  to  cause  the  leaf-blades  of  a 
Malva  or  a  Tropiuolum  to  turn  completely  over  by  illuminating  their 
under  surfaces  by  means  of  a  mirror.  The  leaf-blades  themselves, 
and  also  the  thalli  of  the  Cryptogams,  are  capable  of  carrying  on 
transversely  heliotropic  movements,  while  the  movements  of  the 
growing  portions  of  leaf-stalks  seem  to  be  influenced  by  their  leaf- 
blades. 

In  too  bright  light  the  transverse  ^wsition  of  the  leaves  becomes  changed  to  a 
jwsition  more  or  less  in  a  line  with  the  direction  of  the  more  intense  light  rays. 
In  assuming  a  more  perpendicular  position  to  avoid  the  direct  rays  of  the  mid -day 
sun,  the  leaf-blades  ol'  Laefuca  Scariola  and  the  North  American  SUpJdum  lacinia- 
tuni  necessarily  take  the  direction  of  north  and  south,  and  so  are  often  referred  to 
as  COMPASS  I'LANTs.  (As  regards  the  vertical  [Msition  of  phyllodes,  in  connection 
with  which  may  be  mentioned  the  vertically-placed  leaves  of  many  MyrUiceae  and 
Protfjiceae,  see  p.  195.) 

The  heliotropic  character  of  organs  may  change  through  the  activity 
of  external  influences,  and  also  at  different  stages  of  their  development 
and  growth  ;  just  as  in  the  case  of  the  heliotactic  swarm-spores,  the 
higher  plants  in  ordinary  light  may  be  positively,  and  in  very  intense 
illumination  negatively  heliotropic.  The  youngest  portion  of  the  shoots 
of  Ivy  and  Trnpaeohun  are  positively  heliotropic,  while  the  lower  and 
older  portions  turn  away  from  the  light.  The  flower-stalks  of  Linaria 
cymhalnria  are  at  first  positively  heliotropic.  After  pollination,  how- 
ever, tliey  become  negatively  heliotropic,  and  as  they  elongate  they 
push  their  fruits  into  the  crevices  of  the  walls  and  rocks  on  which 
the  plant  grows,  and  thus  assure  the  lodgment  of  the  seeds  and  the 
possibility  of  their  future  germination. 
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B.  Geotropism 

That  the  stems  of  trees  and  other  plants  should  grow  upwards  and 
their  roots  downwards,  is  such  a  familiar  occurrence  and  so  necessary 
for  the  performance  of  their  respective  functions  as  to  seem  almost  a 
matter  of  course.  Just  as  in  the  discovery  of  gravitation,  it  required 
an  especially  keen  spirit  of  inquiry  to  lead  to  the  investigation  of 
this  everyday  phenomenon.  The  fact  that  everywhere  on  the 
earth,  even  on  the  sides  of  the  steepest  mountains,  stems  take  a 
perpendicular  direction  ;  and  that,  while  buried  in  the  earth,  this  same 
direction  is  assumed  with  certainty  by  germinating  seeds  and  growing 
shoots ;  and  chiefly  the  fact  also  that  a  shoot,  when  forced  out  of  its 
upright  position,  curves  energetically  until  it  is  again  perpendicular, 
led  to  the  supposition  that  the  cause  of  these  phenomena  must  be  in  a 
directive  force  proceeding  from  the  earth  itself.  The  correspondence 
in  the  behaviour  of  a  stem  in  always  assuming  a  perpendicular  position, 
with  the  continued  maintenance  of  the  same  direction  by  a  plumb-line, 
suggested  at  once  the  force  of  gravitation,  and  the  English  investigator 
Knight,  in  1809,  demonstrated  that  the  attraction  of  gravitation,  in 
fact,  exerted  an  influence  upon  the  direction  of  growth.  As  Knight 
was  not  able  to  nullify  the  constantly  operative  influence  of  gravity 
upon  plants  and  so  directly  prove  its  influence,  he  submitted  them  to 
the  action  of  centrifugal  force — an  accelerative  force  operating  like 
gravity  upon  the  masses  of  bodies,  and  which  had,  in  addition,  the 
advantage  that  it  could  be  increased  or  diminished  at  will.  Knight 
made  use  of  rapidly  rotating,  vertical  wheels,  upon  which  he  fastened 
plants  and  germinating  seeds  in  various  positions.  The  result  of  his 
experiments  was  that  the  stems  all  turned  towards  the  centre  of  the 
wheel  and  the  roots  directly  away  from  it.  On  wheels  rotating  in  a 
horizontal  plane,  where,  in  addition  to  the  centrifugal  force,  the  one- 
sided action  of  gravitation  was  also  still  oi)erative,  the  shoots  and 
roots  took  a  definite  middle  position  ;  the  shoots  and  roots  still  grew 
in  opposite  directions,  but  their  line  of  growth  was  inclined  to  the 
plane  of  rotation,  at  an  angle  dependent  upon  the  rotating  velocity. 
The  position  thus  assumed  was  evidently  the  result  of  the  combined 
action  of  the  centrifugal  force  and  gnivity,  which  was  manifested  in 
the  directions  taken  by  the  plants  according  to  their  comparative 
strength  and  respective  influence  on  growth.  In  this  way  it  was  j)osi- 
tively  ascertained  that  terrestrial  gravitation  determines  the  positions 
of  plant  organs  in  respect  to  the  earth. 

Later,  it  was  also  shown  that  not  only  the  perpendicular  direction 
of  stems  and  primary  roots,  but  also  the  oblique  or  horizontal  direction 
taken  by  lateral  branches,  roots,  and  rhizomes,  is  due  to  a  peculiar 
reaction  towards  the  force  of  gravitation. 

The  property  of  plants  to  assume  a  definite  position  with  respect 
to  the  direction  of  gravitation  is  termed  geotropism.     It  is  customary 


also,  aa  in  tlit;  case  of  heliotropism,  to  speak  of  [waitive  and  Degativa 
geolropism,  diageotropism,  and  transverse  geotropisni,  according  to 
the  position  iisBiimed  by  the  plant  or  oi^on  with  respect  to  the  cejitro 
of  the  earth.  Still  auother  form  of  geotropic  irritability,  lateral  geotro- 
pism,  renders  possible  the  winding  of  stem-climbers. 

Negative  GeDtroplsm.  —  All  vertically  upward  growing  organs, 
whether  steiua,  leaves  (lAliifioiae),  flower-sCalks,  parts  of  Bowers,  ta 
roots  (such  as  the  respiratory  roots  of  Avicennas,  Palms,  etc),  are 
negatively  geotropic.  In  case  such  negatively  geotropic  oi^ans  an 
forced  out  of  their  upright  position,  they  assume  it  again  if  still  capabla' 
of  growth.     As  in  heliotropism,  GEitTROPiC  (URVATUltE  RKSUI.T8  FBOX 

THK  INCREASED  GROWTH  OK  ONE  SIDE  AND  THE  RETARDED  GROWTH  01 

THE  OPPOSITE  SIDE ;  and  the  region  of  greatest  growth  is,  in  general,, 
also  that  of  the  greatest  curvaturB.  In  negatively  geotropic  organs 
^■rowth  IB  accelerated  on  the  side  towards  the  eartli ;  on  the  upper  sidA 
it  is  retarded.  In  consequence  of  the  unequal  growth  tbua  induced, 
the  erection  of  the  free-growing  extremity  is  effected.  After  ths 
upright  position  is  again  attained,  the  one-sided  growth  ceases  and  ths 
organ  continues  to  grow  in  an  upward  direction. 

Tlic  jirocesB  of  negatlvu  gGOtroplc  moremout  h  drpndeiit :  (1)  upon  the  vij 
of  the  existing  growtli ;  (2)  ujwn  the  wasiliilily  i>(  the  urgau  ;  [3)  npon  tli* 
that  lliD  Htimuliis  of  gravity  works  most  unergetiuJly  when  the  apex  of  th*  olth«*' 
trupir  organ  is  rcmov«l  about  133°  from  its  posittou  of  gcotropiu  oqnilibrium  [ 
the  DIOR!  nearly  the  mne  amiable  of  curvature  Approaches  tliis  [xiaition,  tlwi 
strougLT  is  the  motory  gtiuiulus  ;  (4)  and,  also,  iipou  the  ftwt  that  alter  a  ■tiniului 
luu  cMsed  to  act  upon  a  plant,  the  induced  stiinuUttun  contiuuos  to  produc*  *a- 
oalled  ArTBH-EFFECTS,  just  as  by  a  momentary  stimulus  of  liglit  ou  aller-p«r<:^eptioa 
liersUts  in  the  eye. 

These  considerationa  determine  the  actual  counte  of  tliii  directive  movement  of 
jfeotTopiam,  whieli,  u  will  be  leun  horn  tlio  adjoining  figure  (Fig.  303),  don  not- 
couaist  meruly  ul'  a  simple,  continuous  uurvatnre.  The  uuiubera  1-16  Bhuw,  diSr- 
grammatically,  diflerent  Btsgea  in  the  geotropic  erection  of  a  xeedliuggrowniui 
darkueas  and  placed  iu  a  horizontal  position  (No.  1).  The  groKth  in  the  sti 
the  seedling  is  atrougeatjuHt  below  the  cotyledons,  and  gradually  decrcaa«s  tawardli 
the  baae.  The  curvature  begins  accordingly  close  to  the  cotyledons,  and  pro 
gradually  down  the  atcm  until  it  reaches  the  lower,  no  longer  elongatiug,  jtortioni., 
Tlirough  the  downward  movement  of  the  curvature,  and  partly  also  through  tkC' 
after-effect  of  the  original  stimulus,  the  apical  extremity  becomes  lient  out  of  tltf' 
[wrpeudicular  (No.  7),  and  in  this  way  a  curvature  in  the  opposite  direction  U^Mi 
pUce.  Thus,  under  the  influence  of  the  stimulus,  the  stem  bends  backwards  aitd] 
forwaids,  until,  Snaliy,  the  whole  growing  jiortion  hecomcs  ercet  and  no  longtf 
Hubjeut  to  the  one-sided  action  of  the  geotropic  stimulus.  (A  good  example  of  ft-' 
cMaive  curvature  beyond  the  vertical  is  aflbrded  by  vigomuxly  growing  aarlal 
thooiit  o{  HippuTU  Tvlgant.)  Analogous  phenomena  to  those  hen  d<«cribnd  arS- 
exhibited  in  the  case  of  all  jxtratouic  curvatures  of  growth.  In  cose  at  a  dilfennt 
dislrilintion  and  rapidity  of  growth,  or  of  the  unequal  aeusitiveiieia,  rigidity, 
thickness  of  the  organ,  as  wull  as  in  the  case  of  a.  differeuce  in  its  pusition  at  i 
commenceinent  of  the  curvature,  the  process,  as  indicated  in  the  hgun,  is  com- 
s]>ondiugly  modifieil. 
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Positive  Gflotroplsm,  on  the  other 
hand,  is  observable  in  tap-roots,  in  many 
aerial  roots,  nvd  in  the  leaf-sheaths  of  the 
cotyledons  of  many  monocotyledons  which  .r^_ 
penetrate  the  earth  during  germination.  ' 
All  these  organs,  when  placed  in  any  other 
position,  assume  a  straight  downward 
direction  and  afterwards  maintain  it. 
Formerly,  it  was  believed  that  this  re- 
nilted  solely  from  tlieir  weight  and  the 
pliancy  of  their  tissues.  It  is  now  known 
that  this  is  not  the  case,  and  that  past- 
tive  geotropic,  like  negatively  geotropic 
movements,  are  possible  only  through 
growth.  The  power  of  a  downward 
curving  root -tip  to  penetrate  mercury 
(specifically  much  the  heavier),  and  to 
overcome  the  resistant  pressure,  much 
greater  than  its  own  weight,  proves  con- 
clusively that  positive  heliotropism  is  a 
manifestation  of  a  vital  process.  Posi- 
tive geotropic  curvature  is  due  to  the  fact 

that  THE  GROWTH  OF  AN  ORGAN  IN 
LENGTH  IS  PROMOTED  ON  THK  UPPER  SIDE, 
AND  RKTARDED,  EVEN  MORE  STRONGLY, 
OS     THE     SIDE     TURNED     TOWARDS    THE 

EARTH.  A  young  germinal  root  of  Ficm 
Fiiliii,  growiog  vertically,  elongated  equally 
on  ail  sides  24  mm. ;  when  placed  hori- 
zontally, it  exhibited  a  growth  of  28  mm. 
on  the  upper  and  of  only  15  mm.  on  the 
lower  aide.  A  root  of  Vaslaiiea  rfsm, 
with  a  growth  in  a  vertical  direction  of 
20  mm.,  showed,  in  a  horizontal  poaittoii, 
a  growth  of  the  upper  side  of  28  inra. 
and  of  the  under  of  only  9  mm.  In 
these  experiments,  by  marking  with 
Indian  ink,  the  unequal  elongation  in  the 
downward  curvature  may  be  demon- 
strated by  the  greater  divergence  of  the 
marks  on  the  upper  than  the  lower 
side ;  it  is  also  evident  that,  as  in 
negative  heliotropism,  the  curvature 
lakes  place  in  the  region  of  greatest 
elongation  (Fig.  203).  As  the  iiortioti 
of  a  root   capable   of  elongation    is   very  short,  no 
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curvature,    aa    iu    the    cast?    of    negatively    geotropic    sterna,    takes 

Dlasreotropism. — Most  lateral  branches  and  roots  of  the  first  order 
are  diageotropie,  while  brandies  and  roots  of  a 
higher  order  stand  ont  from  their  parent  organ 
ill  all  direction?.     DlAGKOTKoi-lC  URGAXS  ARE 

UXLV  IN  A  POSITION  OF  EQUILIBRIUM  WHEN 
THKIR  LONGITUDINAL  AXES  FORM  A  DKFINITB 
AXGLK    WITH    THE    LINK     OF    THE     ACTIOS     OF 

fjKAVlTY.      If  forced  from  their  uortnal  inclina- 
tion they  return  to  it  by  curving.     A  special 
instance    of    diageotropism     is    exhibited     by 
strictly  horizontal  organs,  such  as  rhizomes  and 
stolons,  which  show  a,  strictly  TRANSVERSE  OEo- 
TROPis.M,  and,  if  removed  from  tlieir  normal 
position,  their  growing  tips  always  return  to  the 
horizontal.     A  more  complex  form  of  geotropic 
orientation  is  manifested  by  dorsiventral  organs. 
These,  in  contrast  to  radial  organs,  such  as  most 
Fia.  303, —Oootrotiic  cuni-   roots  and  stems,  are  not  developed  on  a  uni- 
nfTifiin  Vnta  " /"piac-ll  form  plan  on  all  sides,  but  show  two  usually 
horiidDUUy;    II,    in«r  externally  perceptible  difTerent  sides — a  dorsal 
Mvon  honrs:  /(/,  iftor  and   a   ventml   side.      The   foliage   leaves   of 
lijiKi [ndiit*{A(t<!rH!iciis."  wost   djcotyledons    and    zygomorphie    flowers 
{Anlin'hinum.Amiiilum,  etc.)  tumish  prononnced 
examples   of  dorsiventral  structure.      All  such  dorsiventral  organs, 
just    as    radial    organs    that  arc  diageotropie,  form  a  definite  angle 
with  the   direction    of  gra^■ity,    but    are   only   in    equilibrium   when 
the  dorsal  side  is  uppermost      If,  in  8pit«  of  the  proper  inclination  of 
the  longitudinal  axis,  the  dorsal  side  should  lie  underneath,  it  elongates 
until  it  comes  back  again  into  a  dorsal  i>osilion. 

A  state  of  toraioQ  ofEeii  reaulta  from  the  urieiilAtioii  iiiovemeaU  of  (jorsiventnl 
oi^gaiut  to  recover  from  abnornlkl  positions.  SiniiJu'ly,  a  torsion  muslaUo,  otaeca- 
sity,  docur  wlion  a  geotropiti  organ,  which  luu  become  curved  over  toward  its  [>amit 
axis,  tnms  itaelf  aboat  no  as  to  face  Dntwards  {EXOTRonsn).  Thv  rotation  of  tlis 
orarieB  of  many  OivAidactae,  of  tliB  flowers  of  the  Lobtliaeeae,  of  ihu  Icaf-stslks  ua 
all  hangiug  or  ohlique  brannhw,  of  the  originally  revcraed  leavM  (with  the  iialiuds 
liareDuliyniH  on  the  under  aide)  of  the  Altlrotmeriat,  and  ot  Allium  vrWaum,  «U 
ulTord  familiar  examples  of  torsion  regularly  occurring  in  tlie  ]iracess  of  oriuntation. 
Stem  -  Climbers.  ~  In  addition  to  the  bett«r- known  forms  of 
geotropism  already  mentioned,  stem-clinibere  exhibit  a  peculiar  aad 
only  recently  recogni.'jed  geotropic  movement,  by  means  of  which  ihejr 
are  enabled  to  twine  about  upright  supports.  This  movement  depends 
upon  the  geotropic  promotion  of  the  growth  of  one  side  (not,  as  in 
negative  or  positive  geotropism,  of  the  Upper  or  lower  portions).  Thus 
a  geotropic  cun'ature  in  a  horizontal  plane  is  produced  (LATERAL  CEO- 


TRUPISh),  rcBUltiiig  in  a  revolving  motion  of  the  shoot  ivpex.     Stem- 
climbers  occur  in  very  diHerent  plant  families  ;  and  although  an  upwai-d 
growth  1^  essential  to  their  full  development,  which  they  do  not  attain 
if  left  on  the  ground,  their  Blems  are  not  able  of  themselves  to  main- 
tain an  erect  position.     The  erect  sterna  of  other  plants,  which  often 
I  ■ecUTB  their  own  rigidity  only  through  great  expenditure  of  aseirailated 
;  material,  are  made  use  of  by  stem-ciimbera  as  supports  on  which  to 
h  spread  out  their  aesimibiitory  organs  in  the  free  air  and  light.    The  utili- 
I   «ation  of  a  support  produced  by  the  assiniilatory  activity  of  other  plants 
is  a  pecnliarity  they  possess  in  common  with  other  climbei's,  auch  as 
I  tendril-  and  root-climbers.    Unlike  them,  however,  the  stem-climbers  ac- 
complish their  purpose,  not  through  the  use  of  lateral  clinging  organs,  but 
by  the  capacity  of  their  main  stems  to  twine  about  a  support.     The  firet 
intemodes  of  young  stem-climbers,  as  a  rule,  stand  erect.     By  fiu-ther 
growth  the  free  end  curves  energetically  to  one  aide,  and  assumes  a 
diageotropic,  more  or  less  oblique  or  horizontal  position.     At  the  same 
time  the  inclined  apex  begins  to  revolve  in  a  circle  either  to  the  right 
or  to  the  left.     This  is  the  movement  which  it  has  been  customary  to 
spe«k  of  as   "revolving  nutation,"   but  which  it  ia  better   to  term 
EEVOLVING  MnVEMKNT.    The  expression  "  nutation  "  is  not  in  this  case 
correct,  as  by  it  are  understood  autonomic  movements ;    whilt:  THK 

KEVOLVING    MUVKMKNTS    OK    STKM-CLIMBERS    KKSULT    FROM    THK    EX- 

TIOtKAL  SIMULU8  OF  aKOTKOPiSM,  wluch  causes  a  promotion  of  growth 
in  either  the  right  or  left  side  of  the  young  intemodes  of  the  inclined 
shoot  ftpex.  As  a  result  of  this,  a  movement  towards  the  other  side 
ia  induced.  On  account  of  the  direct  connection  of  the  apex  of  the  shoot 
with  the  lower  erect  int«rnodes,  this  revolving  movement  necessarily 
gives  rise  to  a  similar  rotation  of  the  revolving  apex  on  its  longitudinal 
■xiB.  Through  this  rotation  the  torsion,  which  would  othenvise  be 
produced  by  the  revolving  movement  of  the  inclined  tip  of  the  shoot, 
is  released.  (This  process  will  al  once  become  apparent  by  imitating 
the  movement  with  a  rubber  tube,)  Thus  the  apex  of  a  stem-climber 
,  twerps  round  in  a  circle  like  the  hand  of  a  watch,  and  rotates  at  the 
I  tame  time  like  the  axle  to  which  the  hand  is  attached.  Through  this 
I  rotation  of  the  shoot  ajiex,  the  part  of  the  stem  subjected  to  the 
I  'action  of  the  lateral  geotropism  is  constantly  changing  ;  and  the  revolv- 
1  ing  movement  once  begun,  must  continue,  as  no  poaition  of  equilibrium 
I  cmti  be  attained. 

it  the  iwnatAiit  and  uuuliaiLglng  actiou  or  Kravitadon  in  determiniug  the 

0  of  the  revolving  movenicnt.  the  (wining  of  a  nboot  cautinuoiulj'  about  a 
't  luudly  conceivable.      It  ia  accordingly  not  without  reaaon  that  the  re- 

lOVMnHntiaacouCiauoni,  fixed,  geotnipiciaavemeDt,  andnot  auautonomia 

1  without  definite  direotivo  (ores.     Lateral  geatropiim  ia  a  physiological 
«  (or  the  climbing,  and  tlie  exixtenue  of  Btem-ulimbvra  aa  aucb^is  dependent 

a  ihia  pwnliar  form  of  geotropism.     To  this  dejwndence,  however,  is  also  due 
iplimbers  can  only  Inino  about  upright  or  slightly  inclined  sup- 
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jwrts.  This  is,  it  is  true,  a  limitation  to  their  ^wwer  of  climbing,  but  one  which 
is  not  without  advantage,  for  the  plants  are  thus  constrained  to  ascend  to  freer 
light  and  air. 

When  an  upright  support  occurs  anywhere  in  the  immediate  neigh- 
bourhood of  the  apex  of  a  climbing  shoot  it  is  sure  to  be  discovered.  The 
apical  extremity,  of  which  the  movement  is  but  little  disturbed  by  the 

leaves,  which  remain  for  a  long  time  undevelo^ied, 
is  forced  by  its  lateral  geotropism  against  the 
support,  and  by  its  next  revolutions  twines  around 
it.  If  the  support  be  thin,  the  coils,  at  fii^st 
almost  horizontal,  are  only  loosely  wound  about 
it.  Later  they  become  more  spiral,  and  so  wind 
more  tightly.  This  is  accomplished  by  the  ulti- 
mate predominance  of  negative  geotropism  in 
the  coiled  portions  of  the  stem,  which  tends  con- 
tinually to  draw  out  the  coils  and  make  the 
stems  upright  This  action  of  negative  geotro- 
pism is  well  shown  in  the  case  of  shoots  which 
have  foimed  free  coils  without  a  support  (Fig. 
204).  By  the  resistance  offered  by  the  supports 
to  the  complete  elongation  of  the  spiral  stems, 
the  shoots  are  held  firmly  in  position.  In  many 
twining  plants  the  roughness  of  their  surfaces 
,j^  (due    to    hairs,    bristles,    hooks,    furrows)    also 

by  a  Hhooi  of  ijHmftea  pur-  assists  iu  preventing  the  shoots  sliding  do\vTi 
purcfi.  (Fnmi  dktmkr's  their  supports.  The  autonomic  torsion  arising 
F  ys>o .  I  met.)  -^  ^j^^  older  portious  of  the  stems  is  also  of 

assistance  in  holding  climbing  plants,  especially  those  with  furrowed 
stems,  tightly  wound  about  their  supports.  The  twining  of  stem- 
climbers,  as  well  as  the  attachment  to  their  su})ports,  is  due  to  geo- 
tropic  processes  of  growth,  and  not,  as  in  tendril-climbers,  to  contact 
stimuli. 

In  addition  to  the  autonomic  torsions,  a  torsion  from  purely  mechanical  causes 
is  necessarily  manifested  in  the  elongation  of  the  coils  of  a  twining  stem  whidi  are 
at  first  nearly  horizontal,  so  far  at  least  as  it  is  not  equalised  by  the  fi"ee  movement 
of  the  ajH-'x.  (To  make  this  fonn  of  torsion  apparent,  it  is  only  necessary  to  hold 
firmly  the  inner  end  of  a  horizontal  coil  of  rubber  tubing,  and  draw  out  the  other 
end  until  the  tube  is  straight.  If  a  mark  has  previously  been  drawn  along  one  side, 
say  the  convex  side  of  the  tube,  its  j>osition,  after  the  tube  has  been  extende<i, 
will  show  clearly  the  actual  torsion  that  has  taken  place.) 

From  their  manner  of  winding,  stem  -  climbers  can  twine  only 
around  slender  or,  at  the  most,  moderately  thick  supports.  Here 
again  is  a  limitation  to  their  powers  of  climbing ;  but  in  this  instance 
also  the  limitation  has  its  advantages,  for  by  climbing  the  trunks  of 
large  shade  trees,  these  plants,  which  require  the  unobstructed  light, 
would  be  placed  in  an  unfavourable  position. 
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The  direction  of  the  revolving  movements,  and  accordingly  also  of 
the  windings,  of  most  stem-climbers  is  constant.  The  twining  stems 
are  for  the  most  part  sinistrorse  {Convolndus^  Phaseolus^  Pharbitis, 
etc.).  Seen  from  above,  the  windings  run  from  the  north  towards  the 
west ;  that  is  just  the  reverse  of  the  movement  of  the  hands  of  a  watch. 
Viewed  from  the  side,  the  windings  ascend  the  support  from  the  left 
below  to  the  right  above  (Fig.  205).     Dextrorse  stem-climbers  with 


Fi«f.  20.'». — A  sini!*tn»r.sf>  HtoTii-rliiiiber, 
/'A/»rWfiV  hi^fi'iilit.  Tho  iipiKT 
l»*avpj»  rpiiiaii)  siiiall  for  a  loji^' 
time. 


FUJ.  'JOn—A  <l«'XtiorH«'  stoiii-cliinlMT, 
Milixii>hyUinn  iisi»'nnjn!tlrs.  The 
^Imrt  Iritf'nil  sIhmjIs  liiivr  «1p- 
NM'loptMl  iihylloclailia. 


Endings  from  east  to  west  occur  less  fre(juently  (Hoj),  Honeysuckle, 
^f^li^mum  Coni'olnilii.%  etc.).  In  the  example  chosen  for  iUustration 
('^ffjrsipht/llum  aspuraf/oifles,  Fig.  206)  the  undeveloped  condition  of  the 
lateral  members  in  comparison  with  the  elonj^ated  internodes  of  the 
stem  is  very  apparent.  A  very  few  plants,  such  as  Bliuiunihuchia 
^'fferifin^  HMtiiia  ihntatn^  and  Snjphmitvs,  seem  able  to  climb  equally  well 
«ther  to  the  right  or  to  the  left.  A  similar  irregularity  is  shown  in 
'^ilnnuw  Dulramarn,  which,  however,  rarely  winds,  and  then  only  under 
special  circumstances. 


Wlien  the  apex  of  a  liioistrorao  alioot  ])oiiits  towards  titc  north,  it  ifi  th«  b 
sidp  uf  which  the  growth  is  promoted  by  geotropism  ;  in  dextrorK  climbcn,  on  IW. 
coDtriu^,  thegrun'th  of  the  west  side  is  more  rajiid.  That  theuuue  stimnlneiil 
in  (iilTerent  plants  the  growth  of  opposite  sides,  ma,;  be  oxpkiaed  hy  the  differenoa 
i[i  the  amngeiuGnt  of  their  irritable  structures  (through  their  rever^wl  positioii} 
within  the  organ.  From  the  laot  that  the  ^n'omotion  of  growth  occun  always  <■ 
the  same  side,  it  will  be  apparent  tliKt  the  a[>ex  of  an  inverted  twioing  stent  ' 
nnwind  froTn  its  supjiort.  (Concerning  the  behaviour  of  stem-elimbers  o 
Klinostat,  coiiipare  p.  2fl4.) 

Curvature  of  Grass-Haulms. — All    the    examples  of   geotropie 

movements,  so  far  observed,  took  place  ill  the  growing  portions 
plants,  and  whether  occurring  in  unicellular  or  multicellular  organs 
were  due  to  a  disturbance  of  the  course  of  growth.  A  curvature  even- 
of  lignified  twigs  can  also  be  produced  by  the  one  -  sided  stronger. 
growth  of  the  cambium  and  of  the  young  secondary  tissues.  Even 
many-year-old  branches  of  Conifers  are  all  able,  although  slowly, 
exhibit  geotropie  curvatures.     The  nodes  of  UHasses  show  TBAT 

RKSTING    T1SSUK8   ALSO    CAN    BK    EXCITED    TO    NEW    CROIVTH    BY    TUB 

STIMULUS  OF  GRAViTATio.s'.     The  knot-like  swellings  on  the  haulist 
of    the    Grasses  are  not    nodes    in    a    morphological  sense,    but  arft 
cushion-like  thickenings   of   the   leaf-sheaths   above  their  actual   in- 
sertion on  the  shoot  axis.     The  pai't  of   the  stem   thus  enveloped 
is  very  tender  and  flexible.     When  a  grass-baulm  is  laid  horizontally, 
which   not  unfrequently  occurs  through  the  action  of  the  wind  ca- 
rain,  the  nodes  will  begin  to  exhibit  an   enei^etic  growth  on  their 
lower  sides.     As  the  upper  sides  of  the  nodes  take  no  part  in  t 
growth,  but  are  instead  frequently  shortened  through  pressure  t 
loss    of    water,    knee -like    curvatures 
formed  at   the  nodes,  by  means  of  which  ' 
the  haulm  is  again   quickly  brought  to  an 
erect  position  (Fig.  207).     In  this  way  laid 
corn  is  able  to  right  itself.     Similar  curva- 
tures   to    those    of    the    grass    nodes    mi^J 
be  produced  in  the  true  nodes  of  tlie  gran-l 
like  IMmii/ii,  and  of  the  Polyi/macatr  (/'"I|*9 
I  gmium,  Jiiimex)  and  CiimmeUiiacent  {TriuUtuM 
'  rantia).  ■ 

Modifications  in  the  character  of  the  geo-l 
ciiig  of  oiiB^  iragih;  3,  iiie  tropism,  as  of  the  heliotropiem,  of  an  organ  ' 
'  may  be  occasioned  by  the  operation  of  in- 
<  ternal  as  well  as  external  influences.  Such 
H-bauim  hu  b»n  miwi  changes  in  their  geotropie  position  frequently 
occur,  as  Vochting  h^s  demonalreteid,  dur- 
ing the  development  of  flower-buds,  flowci-s,  and  fruits  (buda  and  flowi^rs 
of  Paparer,  llowers  and  fruits  of  A-}»ili''ji'i,  llelphinium,  AfoaUam,  and 
in  the  burial  of  the  fruit  of  Trrffliiiin  suhln-mvnim,  Amchu  hi/pogata,  elc)^— 


their 
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Of  the  changes  in  the  geotropit;  conditions  of  plant  organs  due  to 
flxternal  causes,  those  are  particularly  noticeable  which  result  from  a 
fitilure  of  a  aiiflicienl  supply  of  oxygen,  by  which,  for  example,  roots 
and  rhizomes  ai-e  made  negatively  geotropic.  And  even  more  im- 
portant are  the  modifications  arising  from  the  action  of  light,  by 
which  the  geotropje  irritability  of  rhizomes  and  foliage  leaves  may 
be  »o  modified  or  weakened  as  to  permit  of  more  advantageous 
beliotropic  positions. 


C,  Uyiirutropism,  Ciihrilnipisiii,  Theimolrojiism,  ek. 
Whenever  any  external  force  or  substance  is  important  to  the 
vital  activity  of  a  plant  or  any  of  its  oi^ns,  there  will  also  be  found 
to  be  developed  a  corresponding  irritability  to  their  influences.  Roots 
in  dry  soil  are  diverted  to  more  favourable  positions  by  the  presence 
of  greater  quantities  of  moisture.  The  force  of  this  POSITIVE  hydro- 
tropism may  be  so  great  as  to  overcome  the  geotropic  equilibrium  of  the 
root£,  and  thus  give  rise  to  hjdrotropic  curvatures.  Conversely,  the 
sporophores  of  many  mould  Fungi  avoid  moisture.  To  this  property  is 
due  the  fact,  bo  advantageous  for  the  distribution  of  the  spores,  that 
their  sporangiophores  grow  directly  away  from  a  moist  substratum, 
C'Orresponding  to  the  chemotactic  irritability  of  Bacteria  and  spermato- 
nnds,  roots,  fungus  byphie,  and  pollen  lubes  exhibit  positive  and 
□egutive  CUKMOTROPIC  CURVATURES.  These  vary  according  to  the 
concentration  of  the  solution,  so  that  an  attractive  substance,  at  a 
higher  concentration,  may  act  repulsively.  THERMOTROPISM  (due  to 
the  stimulus  of  heat),  KHlfoTROi'lSM  (occasioned  by  the  direction  of 
iraier  currents),  and  AeruTKopisu,  a  form  of  chemolropism,  are 
additional  phenomena,  which  have  been  distinguished  as  arising  from 
tlie  special  action  of  external  stimuli,  and  which  stand  in  direct  rela- 
<   tions  to  certain  vital  requirements  of  plants. 

In  the  case  of  elrcTUOI'IHM,  which  hsa  also  been  denioniitritBil  in  phHita,  no 
I  WKh  UMlitial  relsCions  luive  been  discovered  ;  the  dinpoBition  ot  plant  orjfans  in  a 
■  direction  contrary  tu  that  of  &n  electric  current,  sectus  in  no  way  tu  alTeut  their 
T  pvwth.  The  fact  of  the  eiisteace  of  electropiani  in  plaata  ahova  clearly  that  au 
r  IrrfblWty  tna;  be  present,  from  which  no  direct  benefit  in  ordinarily  derived,  and 
I  rnkieii  accordingly  could  not  have  1>een  attained  by  natural  selection. 

D.  The  Metluxl ',/  SIiiv  BoUdiov—TIi*  Kliimt'il 
All  the  curvatures  of  growth  previously  discussed  have  been  in- 
\  -dncwj  by  the  one-sided  action  of  stimuli,  the  source  of  which  determined 
}  tlie  direction  of  the  movements  as  well  as  the  position  of  eciuilibriuni. 
1  influence  ojierating  equally  on  all  sides  is  unable  to  produce  a 
i-'cnrvature  in  an  organ  of  which  the  irritability  is  equally  developed  on 
\  kll  sides.     In  like  manner  no  curvatures  can  take  place  when  the  plant  is 
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uniformly  rotated,  with  a  velocity  sufficient  to  preclude  the  continuous 
operation  of  a  stimulus  on  any  one  point  long  enough  to  occasion  a 
one-sided  growth.  As  in  that  case,  no  one  side  will  be  exclusively 
acted  upon,  but  the  growth  of  all  will  be  equally  promoted  or  retarded  ; 
the  action  of  external  influences,  although  exerted  in  only  one  direction, 
will  be  equalised.  On  this  account  the  "method  of  slow  rotation," 
originally  instituted  by  Sachs,  is  of  great  assistance  in  the  observation 
and  investigation  of  the  phenomena  of  movements.  By  means  of  it, 
heliotropic  movements  due  to  one-sided  illumination  may  be  prevented 
without  the  necessity  for  either  exposing  the  plants  to  the  injurious 
effects  of  continued  darkness,  or  providing  for  an  equal  illumination  on 
all  sides.  This  method  is,  moreover,  of  especial  value  in  investigating 
the  movements  due  to  the  action  of  gravitation,  for  it  is  not  possible 
to  exclude  it«  influence,  as  it  is  those  arising  from  light,  definite 
temperature,  oxygen,  etc. 

When  plants  are  slowly  rotated  on  a  horizontal  axis,  the 
one-sided  action  of  gravitation  is  eliminated  and  geotropic 
curvature  IS  THUS  PREVENTED  in  Organs  which  react  equally  on 
all  sides.  The  rotations  are  best  produced  by  the  klinostat, 
an  instrument  by  means  of  which  an  exactly  horizontal  axis  is 
rotated  by  clock-work.  That  geotropic  curvatures  of  radial  organs 
are,  in  fact,  precluded  by  means  of  the  klinostat,  furnishes  a  re- 
markable corroboration  of  the  result  of  Knight's  experiments,  and 
may  also  be  regarded  as  a  further  proof  that  such  curvatures  are  due 
to  terrestrial  gravitation.  Through  the  equalisation  of  the  action 
of  external  directive  influences,  radial  portions  of  plants  exhibit  on 
the  klinostat  only  such  movements  as  arise  from  internal  causes. 
The  most  important  of  these  autonomic  movements  are  those  resulting 
in  epinastic  and  hyponastic  curvatures  (p.  249),  and  the  retrogression 
of  recently  formed  paratonic  curvatures  through  longitudinal  extension 
(autotropism). 

Sucli  autonomic  luovenieiits  should  not  be  confused  with  those  exhibited  l>y 
dorsiventral  organs  on  tlie  klinostat,  in  consequence  of  the  unequal  irritability  of 
their  different  sides.  Through  the  special  irritability  of  the  dorsal  side  (p.  258) 
of  foliage  leaves  and  zygoraorphic  flowers,  it  is  during  their  rotation  more  strongly 
acted  ui>on  by  geotropic  influence  than  the  ventral  side  ;  as  a  result  of  this  curva- 
tures arc  produced  which  so  closely  resemble  those  resulting  from  epiuasty  that 
tliey  were  for  a  long  time  actually  considered  as  such.  When  stem-climbers  are 
routed  on  the  klinostat,  their  revolving  movement  ceases,  the  jwirt  of  the  stem 
caj>able  of  growth  unwinds  and  straightens,  and  afterward  exhibits  only  irregular 
nutations.  It  is  thus  evident  from  their  behaviour  that  their  winding  and  i>ar- 
ticularly  their  revolving  movements  are  dependent  upon  geotropism. 

E.   Curvatures  induced  hij  Contact  Stimuli 

The  protoplasm  of  plants,  like  that  of  animals,  exhibits  an  irritability 
to  contact,  whether  momentary  or   continuous.      This   is  apparent, 
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not  only  from  the  behaviour  of  the  naked  protoplasmic  bodies  of 
spermatozoids,  swarm-spores,  plasmodia,  and  amoebse,  but  also  from 
the  reactions  manifested  by  walled  cells  and  by  whole  organs,  the 
functions  of  which  may  be  so  disturbed  by  the  action  of  mechanical 
stimuli  that  death  ensues. 

The  almost  universal  irritability  of  vegetable  protoplasm  to 
mechanical  stimulation  is  utilised  by  a  number  of  plants  for  the 
production  of  movements  which  lead  to  their  ultimate  attachment  to 
the  irritating  body.  Tendril-climbers,  in  particular,  have  developed 
this  irritability  to  contact  stimuli  as  a  means  of  attaching  themselves 
to  supports  ;  and  in  that  way  are  enabled  to  elevate  their  assimilating 
and  also  their  reproductive  organs  into  more  favourable  situations.  In 
the  case  of  twining  plants  which  possess  similar  powers  of  climbing, 
the  process  of  elevation,  as  has  already  been  shown,  is  accomplished 
by  means  of  the  geotropic  irritability  of  the  stems  themselves.  In 
the  case  of  tendril-climbers,  on  the  contrary,  the  attachment  to  the 
support  is  effected,  not  by  the  main  axis  of  the  plant,  but  by  lateral 
organs  of  different  morphological  character.  These  may  either  main- 
tain, at  the  same  time,  their  normal  character  and  functions,  or,  as  is 
usually  the  case,  become  modified  and  as  typical  tendrils  serve  solely 
as  climbing  organs.  The  support  operates,  moreover,  not  as  a 
hindrance  to  a  movement  previously  induced,  as  in  the  case  of  stem- 
climbers,  but  itself  produces  curvature  in  the  tendrils  in  consequence 
of  contact  or  friction.     The  contact  of  a  tendril  with  a  solid 

BODY  ACTS  UPON  ITS  GROWTH  IN  SUCH  A  WAY  THAT  THE  ELONGATION 
OF  THE   CONTACT   SIDE   IS   ARRESTED,    WHILE  THAT   OF   THE   OPPOSFIE 

SIDE  IS  PROMOTED.  As  a  result  of  this,  a  sharp  curvature  of  the 
tendril  ensues,  which  coils  it  about  the  support.  The  more  slender 
the  tendrils  and  the  stronger  their  growth,  the  more  easily  and 
quickly  this  process  occurs.  Through  the  tendency  of  the  curvature 
to  press  the  tendrils  more  and  more  firmly  against  the  support,  deep 
impressions  are  often  made  by  them  upon  yielding  bodies,  soft  stems, 
nibljer  tubing,  etc. 

In  the  more  typically  developed  tendrils  the  curvature  does  not 
remain  restricted  to  the  portions  directly  subjected  to  the  action  of 
the  contact  stimulus.  Apart  from  the  fact  that,  in  the  act  of  coiling, 
new  portions  of  the  tendrils  are  being  continually  brought  into  contact 
with  the  support  and  so  acted  upon  by  the  stimulus,  the  stimulation  to 
curvature  is  also  transferred  to  the  })ortions  of  the  tendril  not  in 
contact  with  the  support.  Through  the  action  of  the  propagated 
stimulus,  not  only  is  the  free  apex  of  the  tendril  turned  more  quickly 
around  the  support,  but  a  tendency  to  curvature  is  impirted  to  the 
I>ortion  of  the  tendril  between  the  support  and  the  parent  shoot.  As 
it  extends  between  two  fixed  points,  this  tendency  causes  it  to  coil 
.spirally,  like  a  corkscrew.  With  the  spiral  coiling,  a  torsion  is 
produced,  and,   on   account  of  the    fixed    position    of  the   two  end 


points,  it  cannot  be  exerted  Jn  one  direction  only,  the  spiral,  for  purelj- 
mechanical  reasons,  coils  partly  to  the  left  and  [lartly  to  the  right. 
Points  of  revkksal  (x) 
thuB  occur  in  the  windings 
which,  in  equal  niimbera  to 
the  right  and  to  the  left. 
equaliae  the  torsion  (Fig. 
208).  Through  the  spiral 
coiling  of  the  tendrils  the 
}iiirenC-stem  is  not  onlj" 
drawn  closer  to  the  snpport, 
but  the  tendrils  themselves, 
through  their  consequent 
elasticity,  are  enabled  to 
withstand  the  injurious 
olTects  of  a  sudden  shock. 

Advantageous    changes 
also  take  place  in  the  ana- 
tomical structure  of  the  ten- 
Fin.  208. -Portion  ot  m  (turn  of  Sitgn.  anguioiui  Willi       tlrils  after  they  are  fastened 
iM  r   ;  J,  puiuiofrtverM.  to  the  Supports.    Tlie  young 

tendrils,  after  their  elongation,  exhibit  active  nutations,  and  thus  the 
probability  of  their  finding  a  support  is  enhanced.  During  this  time 
they  remain  soft  and  flexible,  while  the  turgor  rigidity  of  their  apices 
is  maintained  only  by  collenchyma.  In  this  condition  Ihey  are  ensily 
ruptui'etl,  and  have  but  little  sustaining  capacity.  As  soon,  however, 
us  a  support  is  grasped,  the  coiled-up  portion  of  the  tendrils  thickens 
and  hardens,  while  the  other  part  lignifica,  and  becomes  so  strengthened 
by  sclerenchymatouB  formations  that  the  tendrils  can  finally  sustain 
a  strain  of  many  pounds.  When  the  tendrils  do  not  find  a  support 
they  usually  dry  up  and  fall  oft",  but  in  some  cases  they  first  coil  them- 
setves  into  a  spiral. 

Tbe  tendrils  of  miiny  pUnta  (Coliata,  CUiut)  are  irritable  on  all  sidei :  otbern, 
on  the  oontrury,  on  only  the  lower  side  (tendrils  of  CvcarhUatfat  aiid  otliow  with 
hooked  tips) ;  while  otliera  jtossess  extremely  senaitire  shoots  (Jfulffio).  In  aonie 
OSes  the  tvndrils  quiukly  coil  themselveH  to  the  supjiort,  but  others  eoil  mors 
slowly  {Pamflura,  S-uyra,  Brgonia) ;  while  in  other  tendrils  the  supports  tie 
very  slowly  grasped  [Smilax,  VUU). 

According  to  Pfrfff.r's  investigations,  it  is  of  great  imjiortance  to 
the  tendrils  in  the  jierformance  of  their  functions  that  they  are  not 
induced  to  coil  by  every  touch,  but  only  through  COkt.\ct  with  TUB 
CNEVEN  SURFACE  uF  SOLID  BODIES  (as  tlius  adjacent  cells  become 
unequally  afi'ected).  Rain-dro|«  consequently  never  act  as  a  contact 
stimulus  ;  and  even  the  shock  of  a  continued  fall  of  mercury  produces  no 
stimulation.     Tendril-climbers  are  not,  like  twining  plante,  restricted 
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to  nearly  vertical  supports,  although,  on  account  of  the  manner  in  which 
the  tendrils  coit,  they  can  grasp  only  slender  sujiports.  A  few  tendril- 
climbers  are  even  ttble  to  attach  themselves  to  smooth  walls.  Their 
tendrils  are  then  negatively  heliotropic,  and  provided  at  their  apices  with 
small  cushion-like  outgrowths,  which  may  either  develop  independently 
on  ihe  young  tendrils  (Ampelopsia  Feikhti),  or  are  first  called  forth  by 
contact  irritation  {AmfelopnU  luderarMi).  Through  their  sticky  ex- 
cretions these  cushions  becorae  fastened  to  the  wall  and  thei 
into  disc-like  suckers,  the  cells  of  which 
come  into  such  close  contact  with  the  sup- 
porting wall  that  it  is  easier  to  break  the 
lignified  tendrils  than  to  separate  the  hold- 
fasts from  the  wall.  Fig.  309  represents 
the  tendrils  of  Ampdopsis  Veitrkii  {P'ilis  in- 
anudans).  The  suckers  occur  on  its  young 
tendrils  in  the  form  of  knots.  In  Ampe- 
It/peit  haUraeea  the  suckers  are  only  pro- 
duced as  the  result  of  contact,  and  the 
tendrils  of  this  plant  require  thin  supports. 
Sometimes,  as  in  the  case  of  Loplio- 
rprrmum  samdrjui  (Fig.  210),  the  leaf -stalks, 
although  bearing  normal  leaf-bludes,  be- 
come irritable  to  contact  stimuli  and 
function  as  tendrils.  Of  leaf-stalks  which 
thus  act  as  tendrils,  good  examples  are 
iflbrded  by  I'Topwiilum,  Mtiuramiiii,  SolaimiH 
jaxminoides,  Nfjienilies,  etc.  The  subaequent 
modifications  occurring  in  more  perfectly 
developed  tendrils  are  not  noticeable  in 
the  case  of  petiolar  tendrils,  although  the 
coiling  portion  of  the  leaf-stalks  of  SnUmum  *'■"■ 
jasmimmla  do  become  strongly  thickened       ^ 

and  lignified;  while  the  leaf- blades  of  hiv«  (kat*>imi  th»ui«.i¥«  lo  • 
ilemafin,  by  remaining  small  for  a  time,  •mooih  w»u  iiy  nuam  of  hoiii- 
enbance  the  tendril-like  character  of  their 

leafstalks,  and  by  bending  backwards  also  assist  in  maintaining  the 
initial  contact  with  a  support.  At  other  times  the  midribs  of  the  leaf- 
hlades  themselves  become  prolonged,  and  assume  the  function  of 
tendrils  (Glmiita,  LiUonia,  Flagtllaria),  In  many  species  of  Fmitaria 
and  Cnri/Mis,  in  addition  to  the  leaf-stalks,  even  the  leaf-blades  of 
the  leaflets  twine  around  slender  supports,  while  the  parasitic  shoots 
of  CmfiUa  (Fig.  1S5)  are  adapte<l  for  both  twining  and  climliing. 

K.  Cutralures  nf  growth  due  to  Variations  in  Light  and  Tanperafare 
The  (lowers  and  foliage  leaves  of  many  plants  exhibit  the  peculiarity 
that  their  different  sides  (the  upper  and  under  sides  of  foliage-leaves  and 
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leaf-stalks,  the  inner  and  outer  sides  of  floral  leaves)  show  an  unequal 
growth  in  response  to  even  transitory  and  slight  variations  in  tempera- 
ture and  in  the  intensity  of  light.  Whenever,  on  account  of  such 
variations,  the  growth  of  the  under  side  of  a  leaf  exceeds  that  of  the 
upper  side,  the  whole  leaf  moves  upwards  and  towards  the  parent  axis  ; 
while  if  the  growth  of  the  upper  side  is  the  stronger,  the  leaf  is  depressed. 
Movements  of  this  nature  are  especially  noticeable  in  flower-leaves, 


Fk;.  210. — I.ophj.tpermum  acancUns  clinibing  by  means  of  its  t^iidril-like  i)etioles. 

and  bring  about  the  opening  and  closing  of  the  flower.  A  rise  of 
temperature  causes  the  flowers  of  the  Tulip  and  Crocus,  and  also  those 
of  Ailonisy  OniUhogalum,  and  Colrhicum^  to  open,  while  sudden  cooling 
causes  them  to  close.    Tulips  and  Crocuses,  if  brought,  while  still  closed, 

into  a  warm  room,  open  in  a 
very  short  time;  with  a  dif- 
ference of  temperature  of  15  - 
20""  C,  in  from  two  to  four 
minutes.  Crocuses  respond  to 
an  alteration  in  temperature  of 
y  C;  Tulips  to  a  variation  of 
2''-3°  C.  In  warm  sunshine 
the  spring  or  summer  flowers 
are    open    for    the    visits    of 

Fio.    Jll.  — Comijosito   flower  of  Uontoilnn   hmtilis,    iuSCCtS,  but    OU    a    loweHng    of 

tioseci  wiuMi  kei>t  in  darkness,  open  when  iiiu-  temperature  the  sexual  orgaus 

,ninate.l.    (Fron.  Detmers  PkysioL  1'n.ct.)  ^^^  ^^^^^^^^  ^^p    ^^^    protected. 

The  stronger  growth  of  one  side  occurs  in  this  case  either  at  the  base 
or  upper  part  (Colchicum)  of  the  perianth  leaves. 


8KCT.  II  PHYSIOLOGY  269 

The  composite  flowers  of  Taraxacum^  Leontodon,  and  other  Com- 
posites, also  the  flowers  of  Nympham,  Cacti,  etc.,  open  when  illuminated, 
and  close  when  kept  in  darkness  (Fig.  211).  Variation  of  light 
produces  also  unequal  growth  in  foliage-leaves,  particularly  in  those 
of  the  Chenopodiaceae,  Caryaphyllaceae,  and  Balsamijiaceae,  and  cause 
them  to  assume  so-called  sleep  positions. 

In  many  instances  the  movements  of  the  floral  leaves  are  produced  by  varia- 
tions of  light  as  well  as  of  temperature  ;  for  example,  the  flowers  of  the  Tulip  and 
Crocus  open  in  the  light  and  close  in  the  dark,  although  the  temperature  remains 
constant.  In  the  cose  of  op}K)sing  external  influences,  the  resulting  direction  of 
the  movement  of  the  flower-leaves  is  determined  by  the  one  which  is  predominant. 
The  dependence  of  these  movements  upon  difl'ercnt,  and  often  opposing,  influences, 
together  with  the  continuance  of  movements  induced  by  previously  operative 
influences  (after-efl'ects,  pp.  256,  272),  was  for  a  long  time  a  diflicult  problem,  and 
obscured  the  discovery  of  their  true  cause. 

These  movements,  occasioned  by  variations  in  the  illumination  and 
temperature,  must  not  be  confused  with  those  of  heliotropism  and 
thermotropism ;  in  both  of  which  the  movement  induced  in  an  organ 
is  dependent  upon  its  relative  position  with  respect  to  the  source  of 
the  light  or  heat,  and  not  upon  the  varying  intensity  of  the  stimulus. 


3.  Movements  due  to  Changes  of  Turgor  (Movements  of  Irritability) 

The  various  movements  hitherto  considered  are,  to  a  large  extent, 
the  result  of  the  action  of  forces  acting  on  growth.  These  move- 
ments were  therefore  confined  to  organs,  or  parts  of  organs,  still  in 
a  state  of  growth.  In  contrast  to  the  almost  universal  immobility 
of  all  fully-grown  organs,  it  is  particularly  interesting  to  find  that 
some  plants  have  found  a  means  of  carrying  on  vigorous  movements 
without  the  assistance  of  growth. 

It  has  already  been  shown  (p.  166)  that  through  the  pressure  of 
increasing  turgidity  the  elastic  cell  walls  become  greatly  distended 
and  the  cell  cavity  largely  expanded,  while,  on  the  other  hand,  the  cell 
walls  shrink  and  the  cell  becomes  smaller  when  the  turgor  is 
diminished  (Fig.  1G7).  It  is  to  these  changes  in  volume,  which  thus 
result  from  alterations  in  turgor,  that  the  varying  movements  of 
fully-developed  living  organs  are  due. 

Such  variation  movements  occur  only  in  leaves  (foliage  and  flower 
leaves).  These  movements  are  especially  noticeable  in  the  compound 
leaves  of  the  Lc<jnminos(iP  and  Oxalvleae,  and  also  in  the  leaflets  of 
Mamlia  (a  water-fern).  In  the  motile  regions  of  these  leaves  special 
masses  of  tissue  are,  both  physiologically  and  anatomically,  adapted 
for  the  promotion  of  this  form  of  movement. 

This  tissue  api)ears  externally  as  a  firm  cushion  or  prLViNrs,  sharply  distin- 
guished from  the  rest  of  the  leaf-stalk,  and  is  the  direct  cause  of  the  leaf  move- 
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meiita.  AuAtoiiiioally  oounjdi-red.  the  [luJvisaa  consisU,  for  tb«  most  iatI,  of 
strongly  turtjescFat  parcDchynia  with  very  elastic  anil  wMs.  The  vwoulnr  bundlM 
and  maoLaoiua]  elements,  wliii'b,  in  other  portioiLS  of  tho  letf-fltslk,  Ilbvo  bb 
apiiroiim&tely  uirualar  arraiigvment,  unite  in  the  pulvinuB  iu  the  form  of  a  aiugltt 
Hexible  strand,  xnd  to  olfur  little  opposition  to  the  movement  of  the  leaf  resulting 
from  the  ourvatuiT  of  the  motile  region  (ff.  Fig.  185,  i).  Tlie  pareuchyma  of  tho 
pulvinua  forms  a  thick  enveloping  layer  about  tliis  axial  strand,  liymeana  oTwhith, 
through  tlip  ^ireiisure  arising  from  n  diUcreuce  in  the  tiirgesoence  of  its  oppa«ita 
iiid^a,  a  movement  of  the  wholo  leaf-blade  is  brought  alnut,  similar  to  that  of  tho 
outspread  baud  by  the  motion  of  tlie  wrist. 

These  variation  movements  are  either  autonomic,  when  the 
variations  of  turgor  are  due  to  no  recognisable  external  influetiee,  or 
paratonic,  when  the  turgor  is  regulated  iu  a  delinite  way  by  the  action 
of  SKteriial  stimuli. 

Autoaotnlc  Variation  Movements. — A  remarkable  example  of  this 
form  of  movement  ia  furnished  by  the  small  lateral  leadets  of 
Desmofiium  {Hedi/siirum)  gynins,  a  papilionaceous  plant  growing  in  ths 
damp  Ganges  plains.  In  a  moist,  wann  atmosphere  (22°-25°)  these 
leaflets  make  circling  movements  which  are  in  no  way  disturbed  by 
variations  in  the  intensity  of  the  light,  and  which  are  of  such  rapidity 
that  their  tips  describe  a,  complete  cii'cle  in  1-3  minutes.  The  auto- 
nomic variation  movements  of  Tnfoliiiiii  and  Orulis  take  place,  on  the 
contrary,  only  in  darkness.  Thus  the  terminal  IsaflcU  of  Tri/oliam 
prahrme  exhibit  oscillatory  movements  in  the  dai'k  with  au  amplitnda 
which  may  exceed  1*20°,  and  are  regularly  repeated  in  periods  of  2-4 
hours  ;  but  on  exposure  to  light  the  leaflets  cease  their  oecillationa  and 
assume  a  tixed  light  jMsition. 

Paratonic  Variation  Movements  are  chiefly  induced  by  variation 
ia  the  lutenaity  of  the  light,  by  the  stinmhra  of  gravitation,  and  by 
mechanical  irritation  (shock,  friction),  and  also,  but  more  rarely,  by 
variations  of  temperature,  Tlie  pulvini  of  leaves  may  be  afl'ect«d  by 
several  dili'erent  stimuli;  the  leaves  of  Mivwa  pmli/n,  for  example, 
are  set  in  motion  by  the  action  of  light,  and  also  by  the  stimulus  of  a 
shock,  and  in  addition,  exliibit  autonomic  movements. 

A  change  from  light  to  darkness,  as  from  day  to  night,  occasions 
NVCTiTBi  tPic  MOVKMKNTS,  or  the  so-(.alled  slkkp  movements.  In  the 
day  or  light  position,  which  is  the  same  as  that  of  diaheliotropic  foliage- 
leaves,  the  leaf-blades  are  [wqwndicular  to  the  incident  rays  of  light 
With  the  commencement  of  darkness  the  leaves  or  the  single  leafleU 
fold  either  upwards  with  their  up])er  surfaces  inward,  or  downwards  with 
their  lower  surfaces  together,  and  so  renia.in  UTitil  the  diurnal  position 
is  again  assumed  on  recurring  illumination.  The  turgor  of  the 
whole  motile  organ  of  the  Bean,  for  instance,  increases  with  darkness, 
but  in  the  upper  half  more  (i-5  atmospheres)  than  in  the  lower; 
while  the  turgor  of  the  motile  oi^an  is  decreased  by  illumination, 
the  upper  half  in  particular  loses  the  rigidity  acquired  by  the  tissue- 


tension,  and,  in  conaenueiice  of  the  resulting  aujjerior  preaauro  of  the 
i  lower  half,  the  leaf  is  raiaed  again  to  its  diurnal  (tosition. 

According  U)  Darwik,  the  leaves  are  protected  from  too  great  a 

loHS  of  beat  by  radiation  by  the  asaumptioii  of  the  noctuiiml  position. 

i  This  loss  of  beat  may  sometimes  be  very  considerable,  bo  much  indeed, 

'   that  nyctitropic  leaves,  forcibly  retained  in  their  diurnal   position, 

I  were  frozen,  while  adjacent  "sleeping"  leaves  sustained  the   night 

temperature  without  injury.     As  sleep  movements  are  also  manifested 

by  plants  growing  in  tropical  climates,  where  no  injurious  nocturnal 

dWinution  of  temperature  occurs;  the  advantage  accruing  from  the 

sleep  position   in   the  previous  instance  is  not   explanatory  of  the 

Ityclitropic  behaviour  of  leaves  in  all  cases.     Sleep  movements  are 

particulwly  noticeable  in  Fknsediis,  Tii/olium,  liiMnui,  Acacia  lupluaUha, 

—  Amda  sygomerh  (Fig.  212),  Mimosa  jmdica,  etc. 

~  !  light  frequently  causes  the  change  from  tlie  diurnal 
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Klih  112.— JmMi  ^unmrrd,  iholrlnK  tliunutl  aad  noctunuil 

po«ition,  and  a  movement  either  towards  or  awaj'  from  the  nocturnal 
position-  The  leaflets  of  the  common  Locust  {Eobiiiia  pseuihicacia)  are 
folded  downwards  at  night.  In  ordinary  diffuse  daylight  they  assume 
their  diurnal,  outspread  position  ;  but,  if  exposed  to  the  direct  rays  of 
the  mid-day  sun,  they  turn  obliquely  upwards. 
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The  change  from  the  diurnal  to  the  nocturnal  position  continues 
(or  a  lime  to  take  place,  oven  in  constant  darkness  or  prolonged 
Illumination.  The  loavea  themaolves  seem  to  have  a  tendency  to 
pass  at  regular  intervals  from  one  condition  to  the  other.  The  daily 
periods  are  the  result  of  the  stimulus  imparted  by  the  light,  the 
periodic  action  of  which  induces  the  regular  changes  of  position.  If, 
however,  the  external  stimulus  ceases  to  operate,  the  internal  dia|M)si- 


tion  Btill  continues  for  some  time  to  give  rise  to  visible  after-effects 
(pp.  256,  272),  until  finally,  from  the  abnormal  conditions,  an  abnormal 
state  of  rigour  (light  rigour,  dark  rigour)  and  symptoms  of  dieease  are 
manifested. 

Only  a  few  plants  respond  with  pronounced  variation  movements  to 
mechanical  irritation  (shock,  friction,  injury).  Formerly,  these  alone 
were  considered  irritable  plants,  as  in  the  vegetable  kingdom  only  the 
apparent  mechanical  irritations,  from  which  visible  movements  resulted, 
were  then  regarded  as  stimuli. 

Of  irritable  plants  in  this  sense,  mention  has  already  been  made  of 
Dionaea  muxipula  (p.  215),  whose  leaves  when  touched  on  the  upper 
side,  especially  if  the  bristles  are  disturbed,  fold  together.     The  most 


familiar  example  of  this  irritability  to  mechanical  stimuli  is  furnished 
by  Mimosa jiailkii,  a  tropical  leguminous  shrubby  plant,  which  owes  its 
name  of  sensitive  plant  to  its  extreme  sensitiveness  to  contact.  The 
leaves  of  this  plant  are  doubly  compound  (Fig.  213).  The  four 
secondary  leaf-stalks,  to  which  thickly-crowded  leaflets  are  attached 
left  and  right,  are  articulated  by  well-developed  pulvini  with  the 
primary  leaf-stalks ;  while  they,  in  turn,  as  well  as  the  leaflets,  are 
similarly  provided  with  motile  oi'gans.  Thus  all  these  different  parts 
are  capable  of  independent  movement,  and  the  appearance  of  the 
entire  leaf  becomes,  in  consequence,  greatly  modified.  In  their 
unirritated,  light  position  (Fig,  213,  on  the  left)  the  leaf-sUlk  is 
directed  obliquely  upwards,  while  tlie  secondary  petioles  wttii  their 
leaflets  are  extended  almost  in  one  plane.     Upon  any  vibration  of  the 
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leaf,  in  favourable  conditions  of  temperature  (25 ''-30'^  C.)  and  moisture, 
all  its  parts  perform  rapid  movements.  The  leaflets  fold  together,  and, 
at  the  same  time,  move  forward,  the  secondary  petioles  lay  themselves 
laterally  together,  while  the  primary  leaf-stalk  sinks  downwards  (Fig. 
213,  on  the  right).  Leaves  thus  affected,  if  left  undisturbed,  soon 
resume  their  former  position. 

Tlie  behaviour  of  the  leaves  is  still  more  marvellous  when  only  a  few  of  the 
leaflets  are  acted  ujwn  by  the  stimulus.  Tliis  is  easily  demonstrated  by  holding  a 
burning  mateli  near  the  leaflets  of  one  of  the  junna?.  The  leaflets  directly  aff'ected 
by  the  flame  fold  quickly  upwards,  and  this  movement  is  performed  successively  by 
each  |»air  of  leaflets  of  the  jnnna  until  the  articulation  with  the  primary  leaf-stalk 
is  reached.  The  stimulation  is  then  conveyed  to  the  otlier  pinnae,  the  leaflets  of 
which  go  tlirough  the  same  movement  in  a  reverse  order  ;  finally,  the  secondary 
petioles  themselves  draw  together.  Suddenly,  when  tlie  whole  process  seems 
apparently  finished,  the  main  leaf-stalk  in  turn  makes  a  downward  movement. 
From  this  leaf  the  stimulus  is  able  to  travel  still  further  tlirough  the  stem,  and 
it  may  thus  induce  movement  in  leaves  50  cm.  distant. 

The  movements  of  the  pulvini  are  due  solely  to  differences  in 
turgidity.  It  has  been  observed  that  a  sudden  escape  of  water  into 
the  intercellular  spaces  takes  place  out  of  the  cells  of  the  lower  or 
irritable  side  of  the  pulvinus  of  the  primary  leaf-stalk.  According 
to  the  recent  investigations  of  IIabkrlandt,  the  conduction  of  the 
stimulus  does  not  appear  to  be  accomplished  by  the  movement  of  the 
water  thus  discharged,  but  by  the  mucilaginous  contents  of  sacs  which 
are  situated  in  the  phloem  portion  of  the  vascular  bundles,  and  which 
are  easily  aflfected  by  variations  in  the  hydrostatic  pressure. 

The  position  of  an  irritated  leaf  resembles  externally  its  sleep  or 
nocturnal  position,  but  in  reality  the  turgor  tension  of  the  pulvinate 
motory  organ  is  difl'erent.     Ix  the  nocturnal  position  the  turgor 

IN  THE  different  SIDES  OF  THE  PULVINUS  IS  UNEQUALLY  INCREASED, 

and  its  rigidity,  as  a  whole,  is  therefore  increased ;  in  the  position 
assumed  after  a  shock  the  turgidity  of  the  upper  and  lower  sides  is 
UNEQUALLY  DIMINISHED,  and  as  a  result  of  this  process  the  pulvinus 
loses  its  rigidity. 

Jiobinia,  Ox^ilia  acetoselUi  and  Biophyium  {Oxdliih'ae)  exhibit  similar, 
although  less  active,  movements,  under  the  influence  of  mechanical 
stimuli. 

The  state  of  rigour  sometimes  occurring  in  motile  organs  may  also 
be  best  observed  in  Minwsd,  for,  although  so  sc^nsitive  to  the  action  of 
external  influences,  it  does  not  exhibit  its  irritable  movements  at  all 
times.  Whenever  the  temiKjrature  of  the  surrounding  air  falls  below 
a  certain  degree,  no  movements  take  place  and  the  whole  plant 
passes  into  a  condition  known  as  cold  rigour,  while,  on  the  other 
hand,  at  a  temperature  of  about  40°,  heat  rigour  occurs.  Drought 
rigour  is  induced,  just  before  wilting,  by  an  insufficient  supply  of 
water,   and  a  dark    rigour  by  a  prolonged  retention  in  darkness. 
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on  exposure  to  hj^rogen  and  other  gases — chloroform 
movement  also  ceases,  partlj'  on  account  of  insufficient 
oxygen,  and  partly  from  the  actual 
|X)iBoDoiis  action  of  the  gases  them- 
selves. If  the  state  of  rigour  is  not 
continued  too  long,  the  original  irrita- 
bility will  again  return  on  the  restora- 
tion of  normal  conditions. 

The   uioveiiieDt;!  of  irritability  eihibitrd 
by  the  staiiiidal  leavea  of  some  BcrUridcKtae 
(Bcrberia,  Jfahoiiia)  and  Cowpoailae  {Cifnareae 
aod   Ligvlifturae)  boar  &  certain  relation  to 
those   of  foliage   leaves.      Tlie    bow-shaptd 
'      tilaments  of  the  stamens  of  the  Compoailae 
straighten   u]>on  nicvhauical   irritation.     A  a 
they   frequently  contract   10-20  per  cent  of 
their    length,    the   style   becomes    extended 
beyond   the  anther -tube   (Fig.   214).       The 
reduction  iu  the  length  of  the  filaments  u 
accompanied  by  a  moderate  increase  in  their 
thickness,  due  to  the  elastic  contraction  of 
the  cell  walls,  and  the  consequent  expulsion 
""    of  water  into  the  intercellular  spaces.     The 
j,,J   etameua  of  Berbfrit  and   AliiJionia  are  only 
bar   sensitive  to  contact  on  the  inner  side   near 
lie;   their  base,   and  as   their  contractiou   occurs 
'"'    only  on  the  inner  side,  the  anthers  are  thua 
euiar„-wi.)  brought  into  contact  with  the  stigma.      Ex- 

amples of  variation  niovvnients  of  carpellary  leaves  may  be  seen  in  the  flowers  of 
Jfunuliia,  SiriAilaHthca  IGold/miia),  MarhjHUi,  Toreiiia,  and  other  plants.  The 
two  lobes  of  the  styles  of  these  floncra  fold  together  when  irritated.  Similarly,  in 
the  (lowers  of  .Slyliiiittin,  a  sudden  upward  movement  of  the  beut  style  occurs 
when  it  is  irritated  by  a  toncli  ;  hut  the  style  then  loses  its  seiiaitiveneas. 
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VI.  Reproduction 

The  life  of  every  plant  is  of  limited  duration.  Death  ensues, 
sooner  or  later,  and  the  decayed  remains  form  a  part  of  the  surface 
soil.  AD  existing  plants  are  descended  from  ancestral  forms.  A 
spontaneous  generation  of  new  organisms  from  lifeless  matter  does 
not,  as  far  as  exiierience  teaches,  take  place,  and  all  existing  vegetable 
life  owes  its  existence  to  the  capacity  inherent  in  all  organisms  of 
reproducing  their  kind.  Reproduction  is  accordingly  a  vital  [wwer 
which  must  be  exercised  by  every  existing  plant  species.  In  special 
cases,  it  is  true,  abnormal  forms,  sports  or  monstrosities,  are  produced 
unlike  their  parent  plants  ;  but  althougli  they  grow  vigorously  and 
develop  a  strong  vitality,  they  have  lost  the  capability  of  giving  rise 
to  equally  strong  descendants,  or  are  unable  to  compete  successfully 
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with  wild  plants  in  the  struggle  for  existence,  and  consequently  would 
soon  die  out  were  they  not  protected  and  multiplied  by  artificial  means. 
A  great  number  of  our  cultivated  plants  belong  to  this  class  of  artifici- 
ally maintained  plant  forms. 

It  is  also  evident  from  the  very  nature  of  reproduction  that  in  the 
production  of  new  organisms  a  process  of  rejuvenation  is  continually 
being  carried  on. 

The  formation  of  independently  existing  offspring  necessitates  also 
their  separation  from  the  parent  plant.  The  formation  of  a  new  bud 
by  a  tree  would  never  be  distinguished  as  reproduction  so  long  as  the 
bud  remained  in  connection  with  the  tree  as  a  part  of  its  life.  But  if 
the  bud  became  separated  from  the  tree  and  continued  its  existence  as 
an  independent  plant,  that  would  constitute  a  form  of  reproduction, 
and,  in  fact,  this  actually  takes  place  in  many  plants. 

The  conditions  of  the  outer  world  make  the  still  further  demand 
upon  reproduction,  that  from  it  a  multiplication  of  the  species  should 
result.  As  the  germs  after  separation  from  the  mother  plant  do  not 
always  find  the  conditions  necessary  for  their  development  and  so,  for 
the  most  part,  perish,  the  extinction  of  the  whole  species  would  soon 
result  if  a  plant  produced  but  a  single  germ.  That  in  reproduction 
care  is  taken  for  the  multiplication  of  the  individual  in  an  almost 
spendthrift  manner,  is  shown  by  a  consideration  of  the  innumerable 
spores  produced  by  a  single  mushroom,  or  by  the  thousands  of  seeds 
contained  in  the  fruit  capsule  of  an  orchid. 

Separation,  rejuvenation,  and  multiplication  of  the  individual 
are  accordingly  the  essential  requisites  of  reproduction. 

These  requirements  are  fulfilled  by  plants  in  the  most  varied 
manner.  Each  great  division  of  the  vegetable  kingdom  has  adopted 
its  own  special  method ;  and  each  family  and  genus,  or  even  the 
different  species,  are  characterised  by  some  peculiar  feature  of  their 
manner  of  reproduction.  Systematic  botany  is  so  essentially  based 
ujX)n  the  different  development  of  the  reproductive  organs  and  their 
functions,  that  it  consists  for  the  greater  part  of  special  descriptions  of 
the  processes  of  reproduction  in  the  vegetable  kingdom. 

Numerous  and  varied  as  these  processes  are,  they  are  in  reality 
but  modifications  of  two  different  and  distinct  modes  of  reproduction. 

The  simpler  of  these,  or  Vecjetative  Kkfroduction,  consists  in  the 
formation  of  cells  or  cell  bodies  which,  after  their  separation  from  the 
|>arent  plant  without  undergoing  any  further  change,  either  germinate 
at  once,  or  develop  into  new  organisms  after  a  period  of  rest.  This 
mode  of  reproduction,  in  which  the  growth  and  development  of  the 
parent  plant  are  directly  continued,  is  also  distinguished  as  MONo- 
liKXETlC,  vegetative,  or  ASEXUAL  reproduction. 

In  Sexual  Keprcjduciion,  the  second  of  the  two  modes  of  propa- 
gjiting  vegetable  life,  two  kinds  of  reproductive  cells  are  first  formed,  but 
neither  is  directly  capable  of  further  development,  and  both  perish  in 


a  very  sliort  time,  unless  opportunity  is  given  for  their  fusion  with 
each  other.  Not  until  one  cell  (the  female)  has  fully  taken  up  and 
become  inseparably  united  with  the  other  cell  (tlie  male),  iloes  it 
acf[uire  tiie  capacity  of  development  and  growth.  This  mode  of 
reproduction  is  designated  skxual  or  DIGENETIC  reproduction. 

The  physiological  significance  of  sexual  reproduction  is  not  at  once 
apparent.  In  many  plants  the  vegetative  mode  of  reproduction  is 
sufficient  to  secure  tiie  necessary  nmltiplication  of  the  species,  so  that 
plants  are  able  to  continue  without  sexual  reproduction.  Many 
Fungi,  for  instance,  are  reproduced  only  vegetatively ;  the  cultivaied 
Banana,  miiny  Hvincoreifeae,  and  varieties  of  the  Grape,  Orange,  Straw- 
berry, no  longer  reproduce  themselves  sexually,  but  are  propagated 
solely  in  a  vegetative  manner.  The  Garlic,  which  forms  small  bulbs 
in  place  of  flowers,  the  White  Lily,  and  Jiunancahs  Fkaria,  ivhich 
reproduces  itself  by  root  tubers,  are  hardly  able  to  produce  good  seeds. 
They  multiply  exclusively  by  asexual  roetboda  without  suffering  any 
degeneration.  Continued  reproduction  by  vegetative  means  used  to 
be  regarded  as  necessarily  injurious. 

Since  monogenetio  reproduction  is  sufficient  for  the  pi-eservation  of 
the  species,  sexual  reproduction  must  answer  some  purpose  not 
attained  by  the  vegetative  mode  of  multiplication,  for  otherwise  it 
would  be  altogether  superfluous  that  the  same  [ilant,  in  additiou  to  the 
vegetative,  should  also  possess  the  sexual  form  of  reproduction,  which 
is  so  much  more  complicated  and  less  certain.  Even  the  Monld 
l"ungu8  {Mttfot  Mitced'i),  whose  vegetative  spores  (conidia)  are  very 
widely  distributed,  occasionally  develops  sexual  reproductive  cells  in 
specially  formed  sexual  organs.  lu  many  of  the  lower  plants  (Algae 
and  Fungi)  it  has  been  shown  that  the  development  of  sexual  cells  is 
dependent  upon  definite  external  influences.  Klkbs  has  demonstrated, 
iu  fact,  that  it  is  possible  by  regulation  of  the  external  conditions  to 
induce  the  non- cellular  AJga  I'mtehrriti  to  produce  at  will  either 
non-sexual  swarm-spores  or  sexual  cells.  In  many  plants  unfavourable 
external  conditions  apparently  give  the  impetus  to  a  sexual  rao<ls 
of  reproduction.  The  sexual  product  (zygospores  of  Algae)  seema 
better  able  than  the  vegetative  gerraa  (swann 'Sptores  of  Algae)  to 
remain  a  long  time  at  rest,  and  so  withstand  the  disastrous  effects  of 
an  unfavourable  environment.  No  inference  can  be  drawn,  however, 
from  the  function  of  the  sexual  germs  in  this  instance  concerning  the 
necessity  for  the  existence  of  a  sexual,  in  addition  to  a  vegetative, 
mode  of  reproduction  ;  for  in  other  cases  it  is  the  vegetative  re- 
productive bodies,  as,  for  example,  the  spores  of  Ferns  and  Horsetaila, 
which  are  especially  equipped  for  a  period  of  enforced  rest. 

What  makes  digenetic  reproduction  essentially  different  from 
monogenetic  is  the  UNION  OF  THK  SUBST.INCKS  of  THK  PARENTS  AND 
THE    CONSEQUENT    TRANSMISSION    AND    BLF.NDlS<i    OK    THK    PATJIBNAL 

AND  MATERNAL  PROPKRTiES.     As  Special  care  is  almost  always  taken 


in  sexual  reproiluction  to  ensure  that  the  uniting  celis  have  been 
develuped  from  different  individuals  of  the  sume  apecies.  an  equal- 
ising inHiience  is  exeiled  wiiich  tends  to  niaintitin  tlie  permanence 
of  tlie  Hpecies  as  a  whole.  Any  accidental  vaiiations  in  the  form 
or  properties  of  one  individual  of  a  species  would,  through  crossing 
with  others  normally  developed,  disappear  in  the  descendants,  while 
the  desct^ndanta  by  vegetative  reproduction  would  retaiu  them.  A 
phenomenon  of  not  inlrerjuent  occurrence,  and  one  which  shows,  on 
the  other  hand,  the  persistency  with  which  inherited  attributes  are 
retained  in  aexiial  reproduction,  is  the  unexpected  reappearance  in  the 
deGcendants  of  the  attributes  of  former  generations  (atavism). 

While,  on  the  one  hand,  sexual  re]>roduction  tends  to  maintain  the 
nnchangeubility  of  the  form  by  abolishing  isolated  variations,  on  the 
other  hund,  variations  may  be  confirmed  in  the  descendants  when  they 
were  similarly  manifested  by  both  parents.  As  a  result  of  the  union 
between  individuals  of  different  varieties,  or  species,  or  even  of  differ- 
ent genera  (</.  Hybridisation,  p.  389),  offspring  may  be  produced 
which,  if  not  sterile,  have  a  remarkable  tendency  to  variation  and 
to  to  the  formation  of  new  forma. 

It  is  in  this  influence  exerted  ujvon  the  quality  that  the  chief 
difference  between  sexual  and  vegetative  reproduction  is  shown.     By 

VKGKTATIVK  BKPRODUCTION  THB  QUANTITATIVE  MULTIPLICATION  OF 
THE    INDIVIDUAL    IS    SKCURRD,    WHII.K    BY    SBXUAL    REPRODUCTION    A 

QUALITATIVE  INFLUKNCR  I.S  KXRRTED,  which  is  of  the  greatest  imimrt- 
ance  for  the  continued  existence  of  the  sjiecies.  Sexual  reproduction 
might  therefore  be  spoken  of  as  the  qualitative  reproduction  of 
the  species,  and  vegetative  reproduction  as  the  quantitativr  repro- 
duction of  the  individual.  The  vegetatively  produced  progeny  consist 
of  unmixed  descendants  ;  the  sexually  produced  offspiitig,  on  the  other 
h&iid.  Ate  the  result  of  a.  blending  of  the  parents. 

Vegetative  Reproduction 
Vegetative  reproductiun,  tlie  purely  quantitative  character  of 
which  aa  a  mere  process  of  multijilicfttion  has  been  emphasised,  exists 
generally  throughout  the  vegebible  kingdom,  and  but  few  plants,  some 
of  the  Conifers  and  Palms,  are  altogether  devoid  of  it.  Alention  has 
ftlreody  been  made  in  considering  artificial  propagation  (p.  228)  that, 
from  the  separate  parts  oi'  single  cells,  or  even  from  the  naked 
enei^^es  (Siphonaii:)  of  many  plants,  the  regeneration  of  a  new  and 
perfect  individual  may  ensue.  In  vegetative  reproduction  the  process 
is  similar  except  that  the  segiaration  of  the  part  from  the  |iarent  plant 
is  an  organic  one,  occurring  in  the  natiu'al  course  of  development, 
The  vegetative  form  of  repro<luction  is  manifested  in  various  aspects, 
iind  may  be  distinguished  as  a  multiplication  by  means  of  multicollutar 
vegetative  bodies  (budding),  or  by  single  cells  (8i>ore-forinali(in). 
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Multiplication    by  Multicellular   Vegetative    Bodies   (Budding) 

often  consists  merely  in  the  separation  of  lateral  shoots,  or  in  a  division 
of  a  single  plant  into  several.  In  this  way  the  lateral  shoots  of  the 
Water  Fern,  Azolla^  through  the  death  and  disruption  of  the  older 
parts  of  the  parent  axis,  become  separated  from  one  another  and  con- 
tinue their  growth  as  independent  plants ;  similarly,  separate  plants 
originate  from  the  vegetative  body  of  the  Duckweed  (Lemna). 

Multiplication  by  stolons,  rhizomes,  and  tubers  results  in  a  similar 
formation  of  inde}>endently  existing  plants.  As  may  be  seen  in  the 
Strawberry,  Potato,  Ranunculus  repens,  etc.,  the  shoots  produced  from 
many  of  the  axillary  buds  of  the  widely  outstretched  stolons  take 
root  and  form  new  plants.  In  cases  where  the  runners  themselves 
eventually  die,  the  parent  plant  becomes  finally  surrounded  by  a  colony 
of  entirely  independent  plants. 

Instead  of  forming  runners,  the  single  tuber  may  divide  {CorydalU 
solida),  and  in  this  way  give  rise  to  two,  four,  or  more  new  tubers. 
New  bulbs  are  produced  in  the  leaf-axils  of  the  bud-scales  of  bulbs, 
while  brood  buds  (bulbils,  gemmae)  are  frequently  developed  on  aerial 
vegetative  organs. 

Bulbils  are  found  on  the  inflorescence  in  the  place  of  the  flowers  in  many  species 
of  Allium,  in  the  grass  Poa  hulhifera,  and  also  in  Polifganum  mviparum.  In 
TAlium  hulHfcrum,  Dentaria  hulhifera,  etc.,  tlie  bulbs  in  the  axils  of  the  leaves 
are  sj)ecially  constructed  with  a  view  to  detachment  from  the  i)arent  plant.  The 
swollen  leaves  contain  reserve  food  material,  and  frequently  develop  roots  before 
falling  from  the  ])lant.  In  RanuncxiltLs  Ficaria  the  roots  of  the  axillary  buds  are 
full  of  reserve  food  material,  and  resemble  grains  of  corn.  When  the  plant  dies  the 
bulbils  remain  on  the  ground,  and  have  given  rise  to  the  fable  of  showers  of  grain. 
Bulbils  or  gemmie  are  met  with  also  among  the  Mosses,  Liverworts,  and  Charas. 
The  winter  buds  of  many  water-plants  {Hydrocliaris,  Utrinilariaj  Potam/tgeton 
crispuSy  Lcmna,  etc. )  have  a  peculiar  biological  significance.  They  are  formed  in 
the  autumn,  and  sink  to  the  bottom  of  the  water  ;  in  the  succeeding  spring  they 
rise  to  the  surface  and  form  new  plants. 

In  addition  to  the  instances  just  cited,  in  which  the  vegetative  reproductive 
bodies  take  their  origin  from  ^joints  where  lateral  shoots  ai'e  normally  formed,  they 
may  also  aj»jH?ar  in  places  where  no  shoots  are  nonnally  developed.  Thus  the 
adventitious  formations  often  found  on  leaves,  particularly  on  the  leaf- blades, 
serve  the  purpose  of  reproduction.  Just  as  the  leaves  of  the -5f^()?i*a,  after  they 
have  been  cut  off,  are  able  to  give  rise  to  new  plants,  in  other  cases  the  leaves 
l»ossess  this  j)ower  while  still  growing  on  the  parent  plant.  Some  Ferns  afford 
specially  characteristic  examples  of  this  {Asplcnium  decussatuyn,  A.  Fabianum, 
A.  hnlbifcrum,  A.  viHparvm)  ;  adventitious  buds  are  produced  on  their  laminie, 
which  develop  into  small  rooted  plants,  which  then  fall  otf  and  complete 
their  develojmient  (Fig.  215).  The  adventitious  buds  of  Cystoptcris  Inilbifem 
take  the  form  of  bulbils  with  small  swollen  leaves.  Adventitious  ])lantlets  are 
frequently  formed  also  on  the  leaves  of  Cardaminc  pratensis,  and  Cardamine  ainani 
manifests  a  similar  tendency.  One  of  the  best  known  examples  of  such  adventi- 
tious formations  is  afforded  by  the  leaves  of  the  troj)ical  Bryophyllum^  in  whose 
marginal  indentiititms  the  brood  plantlets  develop  in  great  numbers.  Gemmffi  are 
abundantly  i)roduced  on  the  thallus  of  many  Hqntticae  {Marchaniia,  Lunularia), 
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sod  by  their  c 
well  filled. 

A  moat  Temurk able  instance  of  ad' 
IB  buds,  wliicb  have  STiHc: 


growth  the  gemmie  capsules  (Fig.  316,  b)  are  always  kept 


budding  eametimcs  occurs,  iu  which 
the  nucellii9  of  tlie  ovule,  grow  into  ths 


tmbryo-sac,  and  there  develop  just  as  if  they  were  embryoa  ;  e."iampU'»  of  this 
plienomenon  may  be  found  in  Eamnniua.  CHnia,  Firiitia  (Fig.  216),  C'-ehbogtfne. 
Fomierl;  it  was  thought  that  such   a 

iif  iiumerouit  cgg-celU  in  one  embryo- 
nac ;  but  more  thorougli  inveNtigation 
has  shown,  liowever,  tliat  it  ariites  from 

Tlurs  (iKUMH.  At  the  name  time  the  egg- 
cell  previously  existing  in  the  cmbryo- 
Mc  i*  able  to  continue  its  development 
(tier  fertiliHatioti,  but  is  usually  pre- 
vented from  so  doing  by  the  adventi- 
tious or  nucellar  emhryou.  The  seeds  in 
>uch esses  would  no  longercontainthcpro- 
duetjof  sexual  re|>ro.iHction,  but  would  be 
degraiiiil  to  organs  of  vegftntive  ninlti- 
plication.  The  adventitious  gen 
the  [Kdycmbryonic  svvA  nre,  however,  so 
fur  de[«>iident  UjKin  sexual  rf] 'rod  net  ion, 
that  for  the  most  {mrt  they  only  attain 
their  development  in  case  fertilisation  has 
previously  tnkeii  place  ;  but  in  CikI'Ihi- 
r^Dt.oni'oftlieAustralianAVjiA'irfiiKnuc, 
of  which  usually  only  female  sjiw^inieiis 
are  found  in  eultivniion,  the  ;id  vent  it  ions  m 
grmis  develop  without  the  stimulus  of 
fertilisstioTi.    This  plant,  accordingly,  aifonls  ai 

ilifTerent  ilrgrees  in  certain  Ferns.  AHiiiriiiiii  li 
/alpilHM,  T.'lfi  «frk-.w,  and  Ptrrit  er'.'i,-if.    'h 


•r  Utiureilrvliiiilnic  Into 
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Ihirexampleof  Ai-oo.tMr.orofthe 
of  rejirodiietion,  such  ns  oc<!urs  in 

I  he  la.st-tiaioerl  examjile  the  .sexual 


orgikiis  an  iia  loii^ir  runuei!,  sltliuugli  tlie young  ^lUnts aritte,  by  arcgctntive  proccn 
of  budding,  from  exuctly  tlie  same  part  of  the  prgtbullium  where  the  (urhcgonU 
would  have  been  dtfveloptid.  In  tha  case  ot  Aapidiumfilix  ptaa  var.  cntlaluvt  the 
■pogamj  aeemn  to  have  resiiltvd  Ironi  cultivstiou.  In  a  broad  snuse  th«  dEvcliip- 
meut  of  bulbils  iu  tbe  place  of  flouera,  in  the  G|ieciea  of  Allium,  migbt  be  cnn- 
ajdered  as  an  example  of  apogamy. 

Partkbkooenei^is,  or  tbe  development  of  an  Hgg-cvll  without  previous  fertiliu- 
tion,  might  alao  be  viewed  as  an  inbtance  of  the  same  phenomenon  in  plants  with  mora 
tdrancedsoxualdiiTereiittatioti.  In  only  one  case,  Charain-inila,  has  iiarthoiiogvneau 
bifen  positively  proven.  The  female  plants  of  this  speoieg  of  Chnra  ars  widely 
distributed  throughout  Northern  Eurnjie,  and  develop  normal  plants  from  their 
egg-colla,  although  tbe  male  plants  are  found  only  in  Asia  and  in  South  Europe, 
so  that  fertilisation  (Hiuld  not  have  taken  place.  The  egg-cell  of  Chara  eriMta 
has  thus  lost  its  special  sexual  charauter  without  altering  itt  external  ap|iear- 
ance.  The  essential  sexual  attribute  of  being  incapable  of  further  development, 
without  fusion  with  a  male  cell,  has  disappeared  ;  it  lian  lieeome  a  vegetative  celL 

Vegetative  Multiplieatlon  by  Single   Cells  (Spore  -  Formation). 

— Aa  in  the  case  of  nmlticelliil.ir  vegetative  bodies,  ninltipiifrutioii  can 
be  effected  also  through  the  separation  of  single  eella.  Strictly  sjwak- 
ing,  this  manner  of  multiplication  actually  takes  place  whenever  a 
division  of  the  vegetative  body  occurs  in  unicellular  Bacteria,  Fungi, 
and  Algae,  Cells  which  sen'e  the  purpose  of  vegetative  reproduc- 
tion, and  have  a  special  form  and  method  of  development,  are  first  met 
with  in  tha  higher  Cryptogama.  They  are  frequently  formed  in  special 
organs  or  receptacles.  Such  organs,  in  the  ctiBe  of  the  Ftingi,  are  ths 
sporangia  or  conidiophorcs,  and  the  more  complicated  fructifications  in 
or  on  which  the  aporea  are  formed.  Instead  of  spores  with  cell  walla 
many  Algae  develop  swarra-spores,  which  propel  themselves  in  tbe 
water  by  means  of  cilia,  and  are  thus  enabled  to  seek  out  poaitioiu 
favourable  for  germination  (cf.  p.  243).  In  all  higher  Cryptogama 
(Mosses,  Ferns,  EqiiiMiwae,  etc.)  the  vegetative  reproductive  celli 
are  produced  in  ]>eculiar  multicellular  sporangia,  which  open  spontane- 
ously by  hygroscopic  movements  when  the  spores  have  reached  maturity. 
Among  the  higher  Cryptogams  there  is  not  developed  from  tbe 
spore  a  daughter  plant  similar  to  tbe  parent,  hut  there  results  on 
entirely  differently  organised  structure,  which,  by  sexual  reproduction, 
produces  a  plant  bearing  spores,  and  similar  to  the  original  form. 

Sexual  Reproduction 

For  the  purpose  of  sexual  reproduction  two  kinds  of  cells,  male 
and  female,  ore  produced.  Although  neither  alone  is  capable  of  develop- 
ment, the  actual  reproductive  Iiody  is  formed  by  the  fusion  into  one 
cell  of  two  such  sexually  differentiated  cells.  It  has  already  beeo- 
pointed  out  that  through  such  a  imion  of  two  distinct  cells,  qualitative  ' 
changes  may  arise  in  tlie  resulting  organism,  which  would  not  have . 
been  possible  had  it  been  produced  by  merely  vegetative  processes. 


Aa  it  is  tbuM  necesaary  in  sexual  reproduction  not  only  to  provide 
for  tho  production  of  male  and  female  cells,  but  also  to  ensure  tlieii'  union, 
it  beconies  at  once  evident  that,  for  sexual  reproduction,  the  organs 
must  have  a  different  morphological  and  anatomical  structure  tliau  if 
they  were  designed  solely  for  vegetative  activity.  The  sexual  organs 
accordingly  often  exhibit  a  special  and  peculiar  form,  which  differs 
inat«rtally  in  appearance  from  tho  vegetative  parts  of  a  plant. 

The  Union  of  Sexual  Cells  (Fertilisation). — Leaving  out  of  con- 
sideration the  necessary  external  contrivances  to  that  end,  fertilisation 
is  accomplished  by  means  of  a  chemotactic  or  chemotropic  stimulus 
(pp.  243,  363).  It  is  generally  the  non-motile  egg-cells  or  female 
sexual  organ  which  exert  an  attractive  influence  upon  the  motile 
Duile  cells ;  as,  for  instance,  in  the  case  of  the  Mosses,  where  the  sper- 
matozoids  are  enticed  within  the  archegonia  by  a  solution  of  cane- 
sugar,  or,  as  in  Ferns,  where  they  are  similarly  stimulated  by  malic 
acid.  Wlien,  however,  there  is  no  difference  in  the  external  form  of 
the  male  and  female  cells,  then  both  are  usually  motile,  and  the  attrac- 
tion seems  to  be  exerted  mutually.  This  is  probably  the  case  with 
the  motile  and  externally  similar  sexual  cells  (gamktks)  of  the  lower 
Cryptogams,  particularly  of  the  Algae  (Fig.  69).  In  the  conjugation  of 
the  Conjagatite,  however,  although  both  sexual  cells  are  externally  alike, 
one  cell  alone  is  usually  motile,  and  passes  through  the  connecting 
cuial  to  the  other;  and  in  the  Fuaicau;  though  the  egg-cells  are 
ejected  from  the  mother  plant,  they  have  not  themselves  any  power 
of  movement,  while  the  male  cells  or  apermato^^oids,  by  means  of  their 
cilia,  are  capable  of  independent  motion.  This  cajtacity  of  the  male 
cells  for  independent  movement  is  common  to  most  Algae,  with  the 
exception  of  the  Florideue,  by  which  the  walled  male  cells  are  passively 
eonveyed  to  the  female  organ  by  the  water.  Throughout  the  whole 
group  of  the  higher  Cryptogams,  the  male  cells  are  motile  spermato- 
toids,  capable  of  seeking  out  the  non-motile  egg-cells  concealed  xithin 
the  archegonia.  But  in  the  sexually  differentiated  Fungi  the  male 
sutwtance  usually  remains  enclosed  in  special  hyphie  which  press  them- 
lelves  close  against  the  female  organs,  and,  by  the  perforation  of  the 
int«rvening  cell  wall,  the  fusion  of  their  contents  is  rendcre<l  j)0ssible. 
The  fertilisation  of  the  Phanerogams  is  accompanied  by  a  jierforalion  of 
the  intervening  cell  walls  similar  to  that  which  occurs  in  the  Fungi.  In 
this  case  the  male  cell  is  enclosed  within  the  pollen  grain ;  the  female, 
u  a  naked  egg-cell,  is  included  in  the  embryo-sac,  which  in  turn  lies 
iu  the  ovule,  and  in  the  Angiosperms  the  ovule  is  again  enclosed  within 
the  ovary.  Tho  double-walled  pollen  grains  possess  no  independent 
power  of  movement,  hut  are  conveyetl  to  the  female  sexual  organs 
by  the  assistance  of  external  agencies  (animals,  currents  of  air  ur 
water).  The  pollen  grain  then  grows  out  into  a  tube  which  is  acted 
Upon  by  chemotropic  (including  hydrotropic  and  aerotropic)  influences, 
and  grows  like  a  fungus-ti lament  through  tho  tissues  of  tho  ovary  and 
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ovule  until  it  penetrates  to  the  egg-cell  in  the  embryo-sac ;  whereupon 
the  union  of  the  sexual  cells  is  easily  effected  (Fig.  71). 

To  render  certain  the  accomplishment  of  this  Pollination,  or  con- 
veyance of  the  pollen  to  the  female  sexual  organs,  special  and  often 
complicated  contrivances  are  made  use  of  by  the  different  Phanero- 
gams, according  to  the  means  of  conveyance  upon  which  they  are 
dependent. 

Plants  of  which  the  pollen  is  carried  by  wind  are  designated 
Anemophilous.  As  this  method  of  conveyance  depends  upon  the 
chance  of  wind  direction,  an  enormous  amount  of  pollen  characterises 
wind-fertilised  plants. 

Such  enormous  quantities  of  i>ollen  are  often  taken  up  from  pine  forests  by  tlie 
wind  that  clouds  of  jwllen  fill  the  air.  The  surface  of  Lake  Constance  in  spring 
is  so  thickly  covered  with  pollen  that  it  is  coloured  yellow  ("  the  lake  blooms," 
it  is  then  said),  and  in  the  Norwegian  fiords,  at  a  depth  of  200  fathoms, 
the  pollen  of  Conifers,  according  to  F.  C.  Noll,  forms  for  a  time  the  principal 
nourishment  of  the  Rhizojwd  Sa^xamina. 

The  male  flowers  of  such  anemophilous  plants  are  accordingly 
either  freely  exposed  to  the  wind  in  Catkins  (Coniferae,  Amentacea/)^ 
or  the  versatile  anthers,  as  in  the  Grasses,  depend  from  long,  lightly- 
swaying  filaments.  The  pollen  grains  themselves  do  not  stick  together 
but  escape  from  the  opened  anthers  in  the  form  of  fine  powder.  The 
pollen  grains  of  many  Conifers  are  rendered  extremely  buoyant  and 
easy  of  conveyance  by  the  wind  by  two  sac-like  protnisions  of  the 
exine.  In  some  anemophilous  plants  the  pollen  is  discharged  by 
the  sudden  extension  of  the  filaments,  previously  rolled  up  in  the 
bud  {Urtkacede,  e.g.  Pilea),  or  by  the  hygroscopic  tension  of  the 
anthers.  The  female  organs  are  also  often  especially  adapted  for 
the  attachment  of  the  pollen  thus  floating  in  the  air.  The  stigmas 
either  spread  out  like  a  brush  {Corylus\  or  are  finely  feathered  or 
provided  with  hairs  (Grasses,  Walnut),  or  drawn  out  into  long  threads 
(Indian  Corn).  In  the  Conifers,  with  freely  exposed  ovules,  the  grains 
of  pollen  are  caught  and  retained  in  a  drop  of  fluid  exuded  from  the 
micropyle,  into  which  they  are  gradually  drawn  as  the  fluid  dries 
up.  Ill  other  Conifers  whose  ovules  are  concealed  in  the  cone  of  the 
female  inflorescence,  scale-like  formations  catch  the  pollen  and  conduct 
it  to  the  sticky  opening  of  the  young  ovules. 

For  the  fertilisation  of  the  higher  plants,  the  presence  of  water 
is  not  so  essential  as  it  is  for  most  Cryptogams.  Only  a  few  sub- 
merged Phanerogams  make  use  of  the  agency  of  water  for  effecting  their 
pollination,  and  are,  on  that  account,  termed  HYDROPHILOUS  PIANTS. 
The  pollen  of  the  submerged  Zostera  exhibits  certain  peculiarities, 
distinctly  referable  to  the  necessit}'^  of  effecting  fertilisation  under 
water.  It  does  not  form  round  grains,  but  in  their  place  elongated 
thread-like  filaments  devoid  of  an  exine,  which,  as  they  have  the  same 
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specific  weight  as  the  surrounding  water,  are  easily  set  in  motion  by 
the  slightest  currents,  and  are  thus  brought  into  contact  with  the 
stigmas. 

In  the  case  of  the  submerged  water-plants,  Fallisneruiy  EMeity 
and  species  of  Enhalus^  found  in  the  Indian  Ocean,  the  pollination  is 
accomplished  on  the  surface  of  the  water.  Thus,  for  example,  the 
male  flowers  of  Valluneria,  after  separating  from  the  parent  plant, 
rise  to  the  surface  of  the  water,  where  they  open  and  float  like  little 
boats  to  the  female  flowers,  which,  by  the  elongation  of  their  spirally 
coiled  flower- stalks,  ascend,  at  the  same  time,  to  the  surface  of  the 
water,  only  to  become  again  submerged  after  fertilisation. 

In  the  great  majority  of  Phanerogams  pollination  is  effected  by 
means  of  animals.  By  enticing  in  various  ways  insects,  birds,  or 
snails,  plants  are  enabled  not  only  to  utilise  the  transporting  power 
but  also  the  intelligence  of  animals  in  the  service  of  pollen -con- 
veyance. The  pollination  is  then  no  longer  left  to  chance ;  and  as 
the  transport  of  pollen  to  the  sexual  organs  becomes  more  assured, 
the  necessity  for  its  formation  in  such  enormous  quantities  as  in  ane- 
mophilous  plants  is  obviated.  For  the  most  part,  such  plants  (Fig. 
219)  are  adapted  to  pollination  by  inskcts  (Entomophily).  For 
their  nourishment,  plants  offer  not  only  the  sugary  sap,  which,  as 
nectar,  is  excreted  from  diff*erent  parts  of  the  flowers,  l)ut  also  the 
pollen  itself,  which  furnishes  a  nitrogenous  food  material  and  which, 
together  with  the  honey,  is  kneaded  by  bees  into  bee -bread.  As 
additional  means  of  enticement,  and  to  attract  animals  from  a  distance 
to  the  nectar  off*ered  by  the  sexual  organs,  special  perfumes  and 
conspicuous  colours  have  also  been  developed.  The  attractive-appa- 
ratus of  plants  is  generally  formed  by  the  coloured  floral  leaves ;  by 
the  outer  floral  leaves  or  calyx  {Xigelki,  Aamitum),  or  by  the  perianth 
(Lily,  Tulip),  or  as  an  extra-floral  show  apparatus,  by  the  hypsophyllary 
leaves  and  parts  of  the  shoot,  which  do  not  belong  strictly  to  the 
flower  {Astrantia  majni\  Ilkhnrdia  aefJiwjnca,  Mt'lmnpifrum,  J)alerJi(unpia, 
Bnn(i(niivillm  spectabilis).  The  pollen  of  the  entomophilous,  in  contrast 
to  that  of  the  anemophilous  plants,  is  not  a  dry  powder,  but  its  grains 
are  stuck  together  with  an  oily  mucilaginous  fluid ;  in  other  cases, 
they  are  held  together  by  their  rough  outer  surfaces  and  can  only  be 
removed  from  the  anthers  by  animals.  The  structure  of  the  flower  is 
80  contrived,  as  Christian  Conrad  Sprkncjkl  first  pointed  out  in 
1793  in  his  famous  work  on  the  structure  and  fertilisation  of  flowers 
("  Das  entileckte  Geheimniss  der  Natur  im  Ban  und  in  der  I^fnichtung 
der  Blumen  "),  that  the  pollen  grains  must  necessarily  become  attached 
to  certain  parts  of  the  lx)dy  of  the  animal  visiting  it  in  search  of  foo<l, 
and  so  be  conveyed  to  the  sticky  or  hairy  stigma  of  other  flowers. 
The  remarkable  variety  of  means  employed  to  secure  pollination,  and 
the  wonderful  adaptation  shown  by  the  flowers  to  the  form  and  habits 
of  diff'erent  insects,  border  on  the   marvellous.      In  addition  to  the 


stimulus  of  hunger,  plants  utilise  the  reproductive  instinct  of  animals 
for  securing  their  pollination.  Not  a  few  plants  (Shpflia,  Arutolochitt, 
and  members  of  the  Aniccir),  by  the  unnatural  colour  of  their  flowers, 
combined  with  a  strong  carrion-like  stench,  induce  uurion-fliea  to  visit 
them  and  depoait  their  eggs ;  in  so  doing  they  effect,  at  the  same  time,  the 
pollinntion  of  the  flowers.  In  South  America,  instead  of  insects,  it  is 
the  hummiug-birds  which  are  especially  active  in  the  conveyance  of 
pollen.  In  addition  to  such  Ornithophilous  Plants  whose  pollination 
is  accomplished  through  the  agency  of  birds  (Marcffimia  neptntkoidt4, 
and  different  species  of  Feijoa  and  AbiiHloii),  |>ollination  in  some  cases 
is  effected  by  means  of  snails  (Malacophiuius  Plants).  To  their 
instrumentality  the  Howers  of  Cclln  palisliis,  Chrf/iosplftiium,  and  also  the 
half-biiried  Howers  of  the  well-known  Aapidisti-a  owe  their  pollination. 

Self  and  Cross  Fertilisation. — It  has  already  been  pointe<l  out 
that  it  is  by  sexual  reproduction,  in  contrast  to  the  vegetative  mode 
of  multiplication,  that  qualitative  modificaliona  are  effected.  Kuch 
qualitative  changes  ai'e  best  attained  when  the  sesual  cells  are  derived 
from  ditferent  individuals ;  although,  when  they  spring  from  the  same 
individual,  through  the  recurrence  of  ancestral  characteristics  (atavism, 
p.  277),  there  is  always  the  pos-sibility  of  the  appearance  of  descendants 
which  diSer  greatly  from  those  produced  vegetatively,  by  the  same 
plant.  By  such  close  fertilisation,  however,  no  opportunity  is  given 
for  a  new  blending  with  others  uf  the  same  species.  It  is  an  old 
maxim  founded  on  experience,  that  prolonged  close-breeding  produces 
a  deteriorating  effect,  as  the  slightly  injurious  variations,  which  other- 
wise would  have  been  etpialiaed  by  cross-breeding,  become  augmented. 
It  is  in  accordance  with  this  same  principle  that,  in  the  sexual 
reproduction  of  plants,  varied  and  often  complicated  contrivances  are 
manifested,  which  conduce  to  cross -ferti  lis AXtoN  (union  between 
sexual  cells  of  different  individuals),  even  when  tlie  individuals  them- 
selves are  HEKMAJ'HROUITK  and  possess  two  kinds  of  sexual  organs 
OS  in  the  case  of  the  majority  of  Phanerogams. 

As,  however,  self -fertilisation  takes  place  also  in  a  small  number 
of  plants,  either  reguhirly  or  from  necessity,  it  is  evident  that  wliac- 
ever  may  be  the  advantage  derived  from  a  union  of  two  distinct 
individuals,  it  is  no  more  essential  for  sexual  reproduction  than  for 
vegetation  multiplication.  Though  in  consideration  of  the  otherwise 
predominant  tendency  to  cross- fertilisation,  self- fertilisation,  just  as 
apogamy,  ap^^ears  to  be  a  retrogression.  Self-pollination,  although 
regularly  occurring,  frequently  fails  to  occasion  self- fertilisation,  aa 
often  the  pollen  will  not  develop  pollen-tubes  on  the  stigmas  of  the 
flower  (self-sterile)  by  which  it  was  produced,  but  only  on  those  of 
different  flowers  (Sei-alc  ftrtaU,  Cvryilalis  mtw,  Lobelia  falgens,  VfTUisfHfn 
nil/mm,  etc.). 

Tbc  iinti|»tliy  b^twcpn  tllc  <cxus1  organii  o(  the  same  flower,  in  certain  plants 
Ml  greatly  eM-wU  tlii'  houuiiH  of  iniliirvreucii  tliHt  tlk-y  art  Ulwii  rauli  other  M 
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I  fwisoiui.  Thus,  Tor  einuiijlv,  it  is  kuown  ofuertaiu  Orchiils  Chat  [lullination  H'itli 
own  pollen  causes  the  denth  of  the  flower,  whilo  Ju  other  cum-s  the  imllc-o  is 
killed  in  ■  short  time  by  tlii*  iiti);tiiatip  (liiid. 

In  other  inatancea,  self-fertiliBation  occurs  where  croas-polli nation 
either  is  not  effected,  or  else  in  conjunction  with  it  (Wheat,  Barley, 
CawM,  yiofa  sjMcies,  Linum  ttdtnlksiinum,  etc.).  By  many  plants,  in 
addition  to  the  large  flowers  adapted  to  insect  pollination,  small, 
inconspicuous  tlowera  are  produced  which,  usually  concealed  under- 
ground or  by  the  lower  leaves,  never  open,  and  only  bear  seeds  which 
have  been  produced  by  self-fertilisation.  In  some  pUnts  the  majority 
of  the  seeds  are  derived  from  such  CLEiSTOtfAMOUS  flowers  (TWa), 
and  sometimes  tlieir  seeds  alone  are  fruitful  (Pdycarpum  Mmjilii/llum 
possesses  only  cleistoganious  flowers).  Aii  the  greater  number  of  such 
plants,  however,  in  addition  to  the  seeds  of  the  self-fertilised  small 
cleistogamniis  flowers,  produce  others  resulting  from  the  cross -fertilisa- 
tion effected  in  the  larger  flowers  (Impatieits  noli-Umgne,  Ltmhim 
iimplexicaiile,  Sjifeularia  per/oliato,,  etc.),  the  ancestral  plants  of  the 
cleistogamous  generations,  as  well  as  their  descendants,  have,  at  least, 
the  opportunity  for  cross-fertilisation  open  to  them. 

Special  contrivances  for  assuring  the  crossing  of  the  sexual  cells, 
particularly  by  preventing  aelf  -  pollination,  are  found  to  exist 
throughout  the  whole  vegetable  kingdom. 

Bcif -pollination  is  most  effectuuUy  avoided  when  the  plants  are 
unisexual,  that  is  when  both  male  and  female  plants  lead  a  separate 
existence.  Such  DKECIOUS  plants  exist  in  almost  all  classes  of  plants 
from  the  lower  Cryptogams  to  the  moat  highly  developed  Phanerogams 
(many  of  the  lower  Algae,  s[>ecie8  of  Fvcug,  Marchaidui,  Pdyli-khum, 
EquUeta/^me,  Tiixiit!,  Hemp,  Hops,  Dato-Palm,  etc.).  In  MuNiEt'lous 
plants  the  male  and  female  organs  occur  on  different  flowers,  but 
the  flowers  are  home  on  the  same  plants.  The  fertilisation  between 
iliiTerent  flowers  is  thtis  seciu'ed  ;  but  even  here  crossing  with  other 
individuals  is,  for  the  moat  part,  assured  by  dichogamy. 

The  tum  ML'UDCAXY  ia  used  to  deuutv  the  fuct  tlwt  tlie  niilo  Bud  fnnikle 
Miual  orgims  attain  ttieir  iiiutiirity  at  dtOereut  times.  When  either  thu  lualu  or 
ftmale  sexual  organ  matures  before  the  other,  the  self- pollination  of  morpho- 
logically  honnaphrodite  ftowcrs  is  avoided  and  crossing  aasurnl.  Both  lierma- 
phTDdisni  and  monieciBm  ant  more  advantageous  than  dictuism,  aa  all  thv 
(ilintJi  in  *uch  caaeK  are  ahle  to  produce  aenla  ;  while  In  diteaioua  planta  the  male 
ttawer*  «»nnot  be  utilised  for  the  direut  jiroduetiou  of  seeds.  Die liuganiy  secures 
rraadng  in  such  a  simple  manner,  and  ia  ho  easily  attained  by  lierma]<hrodiIc 
lilauta,  that  it  ia  of  very  general  occurrence  in  the  vegetable  kiiigiioui.  Acrordiiig 
to  the  priority  of  the  maturity  of  tbeir  vciual   organs,  jiknts  are  designated 


PHuTAKnav,  the  Borlier  luaturing  uf  the  malu  sexual  organa,  is  the  more  frequent 
ferm  ardichu|[aniy.  lloccursin  the  Rowers  of  the  0«rn nineou,  CampaHulaceae, 
Cbmjwjifliu!,  Lubtliiurat,  Vmbtlli/rrae,  and  \u  Epilobittm,  Diiplalit,  etc.  of  the  Mal- 
meta.    Tbc  antbera,  in  tbie  eaac,  open  and  discharge  their  ixillen  at  a  time  when  tha 


>  aril  still  imperfectly  developed  and  uat  ready  for  poUini 
lion.  Accordingly,  photasihious  flowers  can  osl' 

I1K.  J-KKTiLlaED  BY  THE  POLLEN  OF  VOrKOBit  FLOWZM 

lu  the  less  frequent  FsoTlHlTirr  the  female  sexual 
orgsna  nro  susceptible  to  fertiliaatiun  before  the  pollen 
■,(  the  aune  flowers  Is  ripe  ;  so  that  the  p 


{AnlluKcanllitim  oiloTaluin,  Lutubt 
/•iloui,  Seruphularia  nodota,  MelleboTVt,  Slmjiuilia, 
PlnjUago  vudia,  FlR.  217). 

A  atUl  more  complicatHl  method  of  effecting 
fertilisation,  because  involx'iug  also  morpho- 
lu)^cal  and  anatomical  differences  of  etriioture,  results 
tram  Hktbho.'jty'ly,  or  tbe  peculiarity  ofsoMe  spwiai 
■  •(  pkntH  of  producing  Htigmos  aiul  anthers  which 
vary  in  height  in  different  individuals  of  the  sanu 
^.[lueies.  A  good  example  of  lieteroatyled  flowers  Ii 
filforded  by  the  Chinese  Primrose  (Fig.  218).  Thia 
]>knt  has  two  Tonus  of  flowers,  long-styled  (.L)  and 
sliort-styled  (AT),  while  tlie  positions  of  the  stigma* 
and  authers  in  the  two  kinds  of  flovi-ers  kre  exactly 
reversed.  The  ]>ol1en  groiiis  of  the  short-sly  led 
flowers,  moreover,  are  larger,  and  the  atigmatic  papilla 
shorter,  than  in  those  with  the  longer  styles  (p,  P, 
and  R,  A*).  The  purpose  of  such  morphologicitl  and 
anatomical  dilTerencea  existing  hetween  flowers  oftlie  ^ 
same  species  «m  first  understood  after  they  wan 
a  oontrivancu  for  cross -i>ollination.  Fertilisation  ia  * 
when  the  imlliiiutioii  of  Ihe  stigiiiits  is  cirectw!  by  the 


jwlleu  of  anthers  corresjiondiiigly  situalad.     By  such  •  "legitimate"  ferllliaatioft 
mors  and  better  seeds  ore  produced  thjw  by  "  illegitiinate "  fertiliHtion,  and 
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■ome  CBSCB  (Zinum  ptrentie)  legitimate  r? rtllisation  ftlons  Ja  [iroductive.  Legitimate 
fertilisation  is  rendered  more  certain  by  the  fact  tliat  insectB  in  visiting  the  ftowers 
touch  correspondingly  placed  sexual  organs  with  the  same  portions  of  their  body. 
The  flowers  of  Primroaea  liave  atjlea  of  two  different  lengths  {mMOBPHic  hetero- 
RtTiT} ;  the  same  jieculiarity  is  exhibited  by  Fvlmi/iiaria,  Hottonia,  Fagopyruin, 
Linum.  There  are  also  flowers  with  TKlHORPRrL'  HitTEROSTYLV(Li/fAru>'i  Salicaria, 
anit  some  species  of  Oxatit),  in  which  there  are  two  circles  of  stamens  and  thref 
variations  in  the  height  of  the  stigmas  and  anthers. 

In  a  great  number  of  flowers  self-pollination  is  made  nieclianically  inipoasihie, 
as  their  own  pollen  is  prevented  hy  the  respective  positions  of  the  sexual  organ 
from  coming  in  contact  with  the  stigma  (Herc;ooamy].  In  the  Iris,  for  examjile, 
the  anthers  are  sheltered  under  the  branched  petaloid  style,  u]>un  whose  lip-like 
Htigma  no  pollen  can  come,  unless  through  the  ageney  of  insects.  In  the  Ortkid- 
afeac  and  AacUpiadaceae  self-pollination  is  rendered  impossible  both  by  the  nature 
of  the  pollen  masses  and  by  their  position.     A  complicated  form  of  structural  con. 


li|i:  3.  the  wine,  wlienilUitiirbe'l  by  tlie viitnlu'enrtlw  pnibuMlaurilie  liee  tnllietlimrtjuii  of 
ItirarTuw:  /.  niauiriil ;  i-,  i^oiilKCIlTe ;  >,  (he  <iImL[UcI1»k  hulFof  Ihsaiithvr. 

trivunce,  by  mcaii.s  uf  wbli'li  cross- |>ollii]ati'iti  is  !«-<.-ur>'d,  may  be  svni  in  a  llowi-i' 
of  Xiitrin  jinileams  (Fig.  ai8).  The  antheiH  of  this  llower  arn  (■<nie.>ak'd  in  the 
U|i[>('r  lip  of  the  corolla,  from  wliich  the  xtyh',  witli  '\U  bilolxil  stigma,  projects. 
When  a  bumblc-bec  visits  the  Hower  in  search  of  hom'y,  it  niiiHt  first  with  its 
]>r<iboiicis  push  out  of  the  way  the  small  plate  (.s),  funncil  of  two  alrrite  anther 
iialvei  grown  togetlicr.  These  are  situatt'il  at  the  ends  of  the  sliort  aruis  of  the 
I'liUnectivcs  (c),  which  are  so  elringated  that  they  iniglit  easily  lie  nii^takeu  fur  the 
lilauieut^i  if  I  of  the  stamens:  The  fertile  anther  liaUcs  ar>'  situated  at  the  other 
nuU  of  the  connectives,  and  so  are  brought  in  coiitaet  with  the  hairy  back  of  the 
bumble-bee  when  it  ]>iishes  against  the  plnlc  at  tb<-  ^Imrt  eticts  of  the  lever-like 
eeimectives.  The  |><>lleu  thus  attiu-hi-il  to  thr'  b>'i-  will  lie  brushed  off  its  back  hy 
liie  fiS-ke.1  Htigma  of  the  next  llower  it  mt-rs.  finod  e.\amples  of  hen-ogamoiis 
Bowers  are  alfoRlci  by  the  J'u,illi,.^'r,vc,  by  iC"/,.-i",  ivhose  aiilhers  m  held  in 
lifkets  of  the  corolla,  hy  I'iiMi,  Ai-ifl-lwhiii,  cti-. 

Hybridisation. — The  uniuii  uf  two  suxual  cclU  is,  iia  a  rule,  utily 
Iiossible  when  tliey  lire  derived  from  dimuly  allied  jtlaiits;  it  is  only 
then  that  they  exercise  an  attractive  influence  Ujwn  each  other  and 


fuse  together  in  the  act  of  sexUiJ  i-epruiluction.  The  sexual  cells  of 
Mossea  and  Ferns,  apart  from  all  other  considerations,  would  not  unit« 
because  the  s[>ermat'0zoii]3  of  Mosses  are  attracted  to  the  fcmals 
organs  bj  sugar,  wbile  those  of  the  Ferns  are  only  stimulated  by  malic 
acid.  In  the  cnse  of  Phanerogams,  a  mixed  union  of  sexual  cells 
likewise  prevented  by  vnrious  obstacles  to  pollination  and  fertilisation. 
Occasionally,  however,  the  sexual  cells  of  different  varieties,  species,  or 
even  genera  have  shown  themselves  able  to  unite  and  produce  descend- 
ants capable  of  development.  Such  a  union  is  termed  Hybridisation, 
or  bastard-formation,  and  its  products  HYBRIDS  or  BASTARDS. 

Through  tlie  demonstration  of  the  possibility  of  hybridisation,  tlm 
sexuality  of  plants,  for  a  long  time  doubted,  was  indisputably  proven. 
(With  this  object  in  view,  hybi-ids  wore  raised  in  great  numbers  by 
KoLitEUTER  as  early  as  I7G1.}  It  also  demonstrated  that  the  real 
purpose  of  sexual  union  was  the  combination  of  the  properties  of  both 
parents,  for  transitional  forms  are  found  among  hybrids  which  in  many 
characteristics  resemble  the  male  and  in  others  the  female  ancestor,  or 
they  may  show  an  equal  combination  of  the  characters  of  both. 
Less  frequently  it  happens  that  the  hybrid  resembles  one  ancestor 
almost  exclusively.  lu  such  a  case  the  attributes  of  the  other  ancestor 
remain  latent,  and  may  appear  quite  unexpectedly,  through  atavism, 
in  later  generations.  Hod  one  species  simple  leaves  and  the  othsr' 
compound,  their  hybrid  would  have  leaves  more  or  less  cleft ;  or  i 
the  tlowers  of  one  parent  species  red  and  those  of  the  other  yellow,  the 
hybrid  fre<|uently  bore  Howers  with  red  and  yellow  markings  (mosaio 
hybrids),  or  which  were  or.inge-coloured.  If  an  early  blooming  form 
were  crossed  with  u  late  bloomer,  the  hybrid  would  flower  at  a  timo 
intermediate  between  the  two.  From  these  and  similar  differences 
shown  by  hybrids,  it  bHcame  clear  that  the  inherited  characteristics  of 
both  the  male  and  female  cells  were  transmitted  by  sexual  reproduction^ 
and  that  the  only  function  of  the  male  fertilising  substance  was  not, 
was  at  one  time  believed,  merely  to  give  an  impetus  to  the  development  of 
the  egg-cell.  A  large  number  of  spontaneous  hybrids  have  been  found 
which  have  arisen  naturally  from  plants  with  a  special  capacity  tot 
hybridisation.  That  such  nattu'al  hybrids  do  not  oftoner  occur  is  daa 
to  the  lack  of  an  opportune  time  or  sjuice  for  their  development,  ao4i 
also  to  tlie  fact  that  in  the  case  of  pollanation  of  flowers  with  different- 
kinds  of  pollen,  that  of  their  own  species  seems  always  more  effectual' 
in  effecting  fertilisation. 


e  readily,  an  s  rulo,  mafl 
m  to  iocline  naturally  Ht 
c);  otbors  agsin' develop 


The  nioru  oloselj  atlied  thu  Jiareiit  plants,  the  nii 
hybrid*  hetween  Iheiu  ba  produced.  Many  familiMi  a< 
hybridisation  (Solanaccae,  CaryaphyUareac,  IHdautae,  < 
hybrids  ouly  occasionally  ornot  at  all  {Cnwi/rrae.  /'opt/ivn. 

vulaeeat,  etc.).     Even  in  the  »anie  family  the  related  gencru  and  specitw  e  

great  diflerences  in  the  leadinesa  with  which  thny  nisy  be  crossed.     The  Onp»> 
vine  and  also  the  WiUour  arc  M«ily  CTMied  with  other  spccicB  of  their  own  gtunfl 


the  hamv  is  ulso  true  of  the  different  Bpeciea  of  DiaiUhui,  whilo  the  species 
I  «r  Silene  cross  with  each  other  only  with  difficulty.  Speeiei  hylnids  rae  easily 
I  produced  from  species  of  Xicotiatva,  of  VcTboKun,  and  of  Oeum ;  on  the  other 
luud,  it  is  Terj  difficult  to  cross  different  species  of  Solanum,  Linaria,  or  foten' 
lilla.  The  hybridisation,  however,  of  nearly  allied  forma  is  often  impossible — the 
Apple  with  the  Prar,  for  instance,  although  the  Peach  and  Almond  may  be  crossed, 
■nil  alio  the  species  of  even  the  different  genera  Lyriiiaa  and  Silciu,  Shoilodeiidron 
and  Aaalea,  Aegilaps  and  TrilUum,  each  according  to  their  "sexosl  athnity," 

Derivativk  hybrids  arise  when  hybrids  are  crossed  with  one 
Another,  or  with  one  of  the  original  parent  fonna.  In  this  way  it 
has  been  possible  to  unite  six  species  of  Willow  in  one  hybrid,  and  in 
the  case  of  the  Clrape-vitie  even  more  species  have  been  combined. 
It  is  only  in  rare  cRses,  however,  that  the  form  of  the  hybrid  remains 
constant  in  the  succeeding  generations.  These  exhibit  more  fretiuently 
a  tendency  to  revert  to  one  of  the  original  ancestral  forms. 

In  addition  to  their  inherited  qualities  hybrids  exhibit  new 
PRUULHRiTiEs  not  derived   from   their  parent  forms.      These  are  a 

MODIFIED    FERTILITY,    GREAT    TENDENCY    TO    VARIATION,    and    often    a 

'  BORE  LUXURIANT  GROWTH.  The  fertility  is  often  so  enfeebled  that 
the  hybrids  are  sterile  and  do  not  reproduce  themselves  sexually. 
This  enfeeblement  of  the  sexuality  increases  the  more  remote  is  the 
relationship  of  the  ancestral  forms.  The  tendency  to  variability  is 
oft«n  greatly  enhanced  in  hybrids,  especially  in  those  arising  from 
the  hybridisation  of  dilTerent  varieties  of  the  same  species.  Hybrids, 
particularly  those  from  nearly  related  parents,  produce  more  vigorous 
ve]{etative  organs,  they  bloom  earlier,  longer,  and  more  profusely  than 
the  uncrossed  plant*,  while  at  the  same  time  the  flowers  are  larger, 
more  brilliant,  and  exhibit  a  tendency  to  become  double.  The  luxu- 
riance of  growth  and  the  increased  tendency  to  produce  varieties 
displayed  by  the  hybrids  have  made  the  wliole  subject  of  hybridisation 
one  of  great  practical  as  well  as  theoretical  importance. 

It  is  doubtful  if  hybrid  forms  can  be  produced  (graft-hybrids)  by  a 
vegetative  union  of  portions  of  two  different  plants  (grafting,  budding). 
It  will  seem  very  impiobuble,  as  in  all  properly  regulated  experiments 
the  vegetativoly  iinited  forms  have  preserved  their  independent  in- 
dividuality {p.  li'JT). 

Alternation  of  Generations 
In  the  lower  Cryptogams,  as  well  a.^  in  the  Phanerogams,  vegeta- 
,  live  and  sexual  re[>roduction  may  exist,  either  side  by  side  or 
following  one  mother  often  in  apparently  irregular  succession.  After 
I  many  generations  have  been  produced  in  a  vegetative  way,  in  the 
case  of  the  Algae  or  Kungi,  sexual  organs  suddenly  appear;  but  by 
both  modes  of  reproduction  descendants  of  similar  apjiearance  are  pro- 
duced. Although  in  this  case  sexually  and  vegetatively  produced 
generations  succeed  each    other,   it  would  not,   strictly   speaking,   be 


I 
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considered  aa  nu  example  of  tbe  alternatioo  of  generations.      This 
expression  has  been  restricted  to  coaes  WHERE  THERE  IS  A  REQULAK 


A  Fern-plant  produces  only  asexual  spores.  Bj  tlieir  gennioatioti,  huwerer.  s 
FerD-pIant  is  not  produced,  but  in  its  place  a  diminutive  plautlet,  which  remains 
without  atem  and  leaves,  without  vascular  liundleB,  and  without  any  internal 
differentiation.  This  is  tlie  piiotuallu'ii,  which  in  turn  produces  seiual  organs 
with  speriuatonoids  and  pgg-coIlB,  from  wbioh  a  large  Fetu-plant  is  developed  after 
fertiliiutioD.  In  a  similar  manner,  sexual  and  asexual  generations  alternate  in 
the  Mosses  and  in  the  Hydrojilerideoe,  E^maflinae.  Lycopodifuii.  In  the  three 
last-named,  us  in  the  case  of  tlie  Fcrna,  the  jirothallk  are  developed  vegeUitively 
trom  tlie  spores  of  the  Urge  plant,  and  these  again  give  rise  sexually  Co  an  Equiu- 
turn,  a  Lycopodium,  etc.  In  tbe  Bqulit-linat  the  spores  are  externally  exactly  alike, 
but  some  give  rise  to  male,  others  to  female  piothollia.  In  the  i»se  of  tbe  Byiirvp- 
ItritUne  and  the  heteros[iorouH  Lyeojmdi-na.«  (Selaifiiitlliu,  Iiotleat)  the  spores 
from  whieh  the  male  proLhallia  are  derived  are  aniailet  iroicros|)ote«)  but  more 
numerous  than  those  which  give  rise  to'the  female  prothallia  tmacrospores].  At 
the  same  time,  the  prothallium  does  not  in  all  coses  grow  out  of  the  spores  as  an 
independent  plantlet,  but  remains  within  it  and  only  exposes  tbe  sexual  cells  for 
pur]M>ses  of  fertilisation  ;  so  that  the  male  sexual  cells  are  produced  within  the  micro- 
npores  and  the  egg-cells  within  the  macroaporea.  Thus,  in  the  higher  Cryptogatni 
the  alternating  sexual  generation,  or  the  one  producing  the  sexual  cells,  remain* 
concealed  within  tbe  spores.  In  Fbanerogoma  (Gymnosperms  and  Aligiaspemu) 
the  sexual  generation  has  undergone  even  greater  reduction.  It  has  nevertheless 
been  determined  that  tbe  pollen  grains  of  the  Phanerogams  correspond  to  the 
vegetatively  produced  microspores  of  the  Vascular  Cryptogams,  and  that  in  them 
the  male  sexual  cells  also  arise  tlirough  a  process  of  division.  Similarly,  tha 
eiobryo-sac  of  the  Flianerogmns,  in  which,  in  addition  to  the  more  or  less  reduced 
protballinm  (synergidc,  aiitt{>odBl  cells),  tbe  female  sexual  cell  (tbe  egg-cell)  occurs, 
must  be  regarded  as  the  equivalent  of  tbe  aaexnally  produced  macrospores.  Tlw 
young  plant  (the  embryo),  just  as  in  SrltujiHella,  is  also  formed  in  tbe  maero- 
spores — that  is,  in  the  embryo-sac.     Viewed  in  this  way,  it  is  evident  that  As 

ALIBRNATIOK    OF    GKXBHATIOKB    TAKES    PLACE    ALWI    IS    PUANRROQAIIS.        HOF- 

UKisTEH,  the  discoverer  of  this  most  important  fact,  drew  most  ingenious  infer* 
ouces  froin  it  concerning  the  genetic  connection  of  the  higher  with  the  lower  plsnti^ 
of  Fbanerogania  with  tbe  Vascular  Cryptugama. 

In  the  alternating  generations  are  clearly  manifested  tbe  essential 
functions  of  both  modes  of  propagation — the  quantitative,  in  the  extra- 
ordiniiiy  multiplication  by  aaeKual  reproduction  ;  the  qualitative,  in  tha 
sexual  fusion.  For  while  thousands  of  asexual  spores  are  produced 
from  a  single  F<;rn-1eaf,  from  the  pi'othollium  of  the  sexual  generation 
seldom  more  than  one  new  Fem-plaut  arises,  but  that  one  plant  derive* 
a  qualitative  value  from  the  cross-fertilisation  necessitated  by  the  dicho- 
gamy of  the  prothallia. 

Just  as  the  Fern-plant  can  occasionally  arise  by  budding  (p.  279) 
directly  from  the  prothallium,  without  the  inteirention  of  a  sexual  act, 
the  formation  of  spoi-es  is  also  sometimes  omitted,  and  the  prothallia 


can  then  spring  directly  from  the  Fern-leaf  (atospory,  in  variatios  of 
Athyrium  and  A»pidmm). 

The  Dissemination  and  Germination  of  Seeds 

If  the  seeds  after  their  separation  from  the  parent  plant  simply  fell 
upon  the  e<irth,  the  youn^  seedlings  would  he  injurioiialy  restricted  to 
the  plaue  already  occupied  by  the  parent  plant,  and  would  also  spring 
up  in  such  large  numbers  that  they  would  mutually  exterminate  each 
other.  The  dissemination  of  the  seeds  thus  becomes  a  necessity,  and 
tltliougli  a  larger  or  smaller  proportion  perish  in  tlie  process,  a  small 
number  eventually  find  themselves  in  a  favourable  en^-ironment. 

For  their  DISSEMIN'ATIun,  seeds  make  use  of  the  same  agencies  as 
are  employed  for  the  conveyance  of  pollen.  Tims  their  dispersion  is 
effected  by  means  of  currents  of  air  and  water;  by  their  forcible  dis- 
charge from  their  receptacles  ;  by  animals  ;  and  also  by  their  aceidental 
transportation  by  railroads  and  ships. 

To  ensure  the  dispersal  of  seeds  by  tlie  wind,  all  those  contriv- 


ucea  are  of  use  which  serve  to  increase  their  superHcial  area  with  but 
imall  augmentation  of  tiieir  weight  Uf  tins  nature  are  the  hairy 
appendages  rf  seeds  and  fruit-walls  as  in  iiotsyptum  Ffnlol^wn,  Populiu, 
Saia,  Typka  Vltmatu  and  the  fruits  of  the  tumposttae  with  their 
pappus,  of  /  lUriaiui  eti.  Cumpaied  with  the  accelerated  fall  in  a 
vacuum,  the  retardation  exerted  bj  the  resistance  of  the  air  (by  which 
the  opportunity  for  dispeisal  through  the  agency  of  the  wind  is 
enhanced)  m  the  case  of  tiftiunti  Scvlifinus  is  in  the  first  second,  as  six 
to  one.  Similar  adaptations  for  utilising  the  agenc>  of  tlie  wind  as  a 
means  of  dispersal  are  the  wiu(,  like  appendages  formed  from  the 
expansion  of  the  sepals  {lliplrrorarptLt)  or  of  the  o\ary  (  ieer,  FrnHnus, 
Ulmus,  Ptili/i/tmum,  iiolniita  OUdil\fhia  and  the  fruits  of  many  Ujiihelli- 
ferar),  or  of  the  seeds  themselves  as  in  the  winged  seeds  of  the 
Biyittmiaefoe  (and  many  Ternstrofoii  i  ear) 

In  a  Jitff'ionm  seed  (Fig     '">0)    with  its  widelj  outspread,  glossy 


wings,  the  centre  of  gravity  is  so  disposed  that  the  geed  floats  lightly 
along  through  the  air  in  an  nlmost  horizontal  course,  and  with  a 
motion  like  that  of  a  butterfly.  The  seeds  of  Zanonia,  one  of  the 
CtmirUiitctae,  are  very  Bimilarly  equipped.  In  the  Lime  the  subtending 
leaf  which  is  attached  to  the  inflorescence  is  retained  to  facilitate  the 
dispersal  of  the  seeds  by  the  wind ;  and  in  the  seeds  of  the  Fir  (he 
winged  appendages  are  derived  from  the  tissue  of  the  placental  scale. 
The  aerial  transportation  of  seeds  and  fruits,  winged  only  on  one  side, 
is  accompanied  by  a  continuous  spirally  twisting  movement  which 
assists  to  retard  their  fall. 

The  diminutive  size  of  many  reproductive  bodies,  and  the  propor- 
tionate enlargement  of  their  surface  in  comparison  with  their  volume, 
increiwe  their  buoyancy.  Microscopically  small  Fungi,  spores,  aud 
Bacteria  are  in  consequence  ea,Bily  transported  by  the  wind.  In  the 
spores  of  Lijcf/penlim  mtUilum  DiNOLER  found  the  retardation  to  be  as 
1  to  1000,  which,  according  to  Nagbli,  could  only  be  theoretically 
explained  by  the  supposition  that  the  retardation  was  intensified  by  a 
thin  layer  of  air  permanently  adhering  to  the  surface  of  the  spores. 

Seeds  and  fruit  are  also  frequently  transported  great  distances  by 
the  agency  of  water.  In  the  case  of  maritime  plants  the  seeds  are 
often  especially  adapted  (water-tight  tissues;  large  air-spaces  serving 
as  swimming-bladders,  etc.)  for  transport  by  ocean  currents.  Through 
the  possession  of  such  devices,  the  seeds  of  West  Indian  plants  are 
carried  to  Norway  by  the  Gulf  Stream,  and  the  appearance  of  Cocoa- 
nut  palms  as  the  first  vegetation  on  isolated  coral  islands  is  in  like 
manner  due  to  the  adaptation  of  their  fruits  to  transport  by  water. 

AniMAI^  participate  largely  in  the  dissemination  of  seeds  ;  either 
by  eating  the  agreeably  tasting  and  often  attractively  coloured  fruit,  and 
excreting  the  undigested  seeds,  or  by  their,  involuntary  transportation 
of  seeds  and  fruits  which  have  became  in  some  way  attached  to  them. 
This  is  effected  in  many  cases  by  hooks  and  bristles  (l/ippa,  Gitlium 
Aparifu;  BUitm,  EehiiuispermMin,  XanlMum,  and  the  fruits  of  Medieaga 
minima,  so  common  in  sheep's  wool  and  erroneously  termed  wool- 
lice).  Or  the  seeds  become  attached  to  animals  by  means  of  sonW 
sticky  substance ;  in  this  way  the  seeds  of  the  Mistletoe,  which  stick 
to  the  beaks  of  birds  eating  the  berries,  finally  adiiere  to  the  bntnchea 
of  trees  ujwn  which  the  birds  wipe  their  bills.  The  widespread 
distribution  of  fresh-water  plants  can  only  be  accounted  for  through 
the  agency  of  aquatic  birds. 

The  natural  distribution  of  plants  has  been  greatly  modified  by 
the  interference  of  man,  especially  in  these  days  of  universal  comtnerrial 
intercourse  by  rail  and  sea.  By  their  instrumentality  not  only  Imvo 
the  useful  plants  been  widely  distributed  over  the  earth,  but  the  weeds 
have  followed  in  the  same  way;  and  many  a  seed  thus  accidentally 
caiTiod  to  other  lands  has  finally  found  there  a  new  place  of  growth. 

The    forcible    discharge    of    s[X)res   and   seeds   is  effected  by  the 
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Builden  liberation  of  hygroscopic  or  tissue  tensions.  It  has  already 
been  mentioned  tliat  the  capillitia  of  the  Myxomycetee  and  the 
elaters  of  ilie  Liverworts  sen^e  for  the  dispersal  of  the  apores.  In 
the  case  of  the  Box  {Bitrus),  the  smooth  seeds  are  forcibly  discliarged 
by  the  conti-action  of  tbe  pericarp,  like  a  bean  pressed  between  the 
lingers.  The  dry  fniit  of  Ham  rrepitam  bnrsts  apait  with  a  report 
like  that  of  a  pistol,  and  is  scattered  in  pieces  far  and  wide.  Tbe 
turgescence  and  elasticity  of  the  cell-walls  give  rise  to  the  tension 
which  results  in  tbe  forcible  discharge  of  the  sporangia  of  PUohnlvs,  and 
in  the  ejection  of  the  ascospores  of  many  Ascomycetea.  The  bursting 
and  rolling  up  of  the  segments  of  the  seed-vessels  of  Impitiens,  by 
means  of  which  the  dispersal  of  the  seeds  is  effected,  are  due  to  tbe 
Ridden  release  of  tissue-tensions.  .Similarly,  the  fruits  of  M(mordiM 
ihteriuvi  and  EdmlUuiii  dehisce  suddenly  and  eject  the  seeds  with 
considerable  force.  It  is  unnecessary  to  cite  further  examples  ;  those 
already  given  may  be  stiflicient  to  call  attention  to  a  few  of  the  different 
means  made  use  of  for  the  dispersal  of  the  reproductive  germs. 

Germination. — The  dry  condition  of  the  seed  and  the  cessation  of 
all  vital  activity  render  the  resting  germ  extremely  resistant  to  the 
action  of  external  influences,  and  capable  of  maintaining  its  vitality 
dnring  the  course  of  its  dissemination,  until  it  is  ultimately  fixed 
in  the  earth.  In  effecting  their  permanent  lodgment  ix  the  soil, 
weds  are  aided  by  the  various  structural  peculiarities  of  thbir 
smPACE  (furrows,  bristles,  hairs,  etc.).  The  fruits  of  the  Geraniaaae 
(Endiiim,  Fig.  200)  uud  Gramiiuat  (Slipa,  Aveiia  ftriilia,  and  species  of 
Andidti)  are  enabled,  by  means  of  movements  due  to  hygroscopic 
torsion,  to  bury  themselves  in  the  ground.  In  the  case  of 
Trifolium  mhtmraiteiim  and  Anicitix  lijipiKftien  the  same  result  is 
accomplished  by  the  geotropic  gniwth  of  the  fruit-stalks,  while  the 
seed-capsules  of  Linarvi  njmbalaria  are  deposited  in  the  crevices  of 
WftUa  and  cliffs  by  the  negative  heliotropic  movements  of  the  fmit- 
■talks.  Nuts,  acorns,  and  seeds  buried  by  squirrels  or  other  animals 
in  the  ground  and  forgotten,  or  for  any  reason  not  made  use  of,  often 
germinate.  The  seedlings  of  Mangrove  trees,  Khisopharn  and 
JSrvfluifra,  exhibit  a  most  peculiar  manner  of  growth  to  ensure  their 
lodgment  in  the  ground.  The  seed  germinates  In  the  fruit  before 
it  is  detached  from  the  tree.  When  the  radicle  has  attained  a 
considerable  length,  the  young  seedling,  separating  either  froni  the 
cotyledons  or  from  the  fruit-stalk,  falls  to  the  earth  ;  it  then  bores 
into  the  mud  and  is  thus  enabled  to  commence  its  growth  without 
delay.  Many  seeds  and  fruits  acquire  a  more  or  less  voluminous 
MtJctLAClNous  HUEATll,  wbich  Serves  a  double  purpose.  Quince  seeds, 
Flax  seeds,  seeds  of  the  Plantain,  of  Cntcifers,  the  fruits  of  Sahia 
Itonninam,  seed  of  Cuphea  and  Cuhaea  (in  the  mucilage  cells  of  which 
delicate  thickening  bands  are  rolled  up),  afford  the  liest-known  examples 
of  such  slimy  envolo|>e8,  which,  in  addition  to  fixing  the  seed  to  the 


ground,  serve  to  absorb  water  by  holding  it  in  their  eubBtancd 
or  drawing  it  in  hygroscopically  {ef.  Mistletoe  berries).  Fniit-wall^ 
by  their  spongy  nature,  may  also  serve  as  water-carriera  (ripe  fniite  of 
TrojKtevliim,  Poterirtm  Sjiinvsum,  Mrdiaiga  terehellam). 

The  germination  of  seeds,  ODce  securely  lodged  in  the  soil,  may 
begin  immediately  or  after  a  longer  or  shorter  PKRIOD  OF  REST, 

Tlie  seeds  of  nmny  Conif^rH  dn  uot  germinate  Tor  BeveraJ  years.  Some  pUnta 
again,  in  addition  to  seeds  vrhiuli  gonuinat*  in  the  first  year,  produce  otben  which 
require  a  longer  rest  lTri/oliU7ii  pralfiiK,  Sobinia  Pievdaeada,  Cytiauf  Lobumvm, 
Xeaedii  Ivirit,  etc.).  Even  under  favourable  circumstances  such  seeds  do  not 
gerniinnte  until  a  definite  length  of  time  has  elapsed.  Germination  may  be  de- 
layed also  by  external  conditions,  and  the  vitality  of  the  seed  may  still  be  retained 
for  years.  Thus,  for  example,  on  the  removaJ  of  ■  forest  from  land  that  had  been 
under  cultivation  for  forty-six  years,  Petus  found  that  a  great  variety  of  field- 
plants  at  ouoe  sprang  up  ss  soon  as  the  requirements  for  their  germination  trers 
restored. 

Germination,  according  to  the  observations  of  Klebs,  is  introduced 

by  true  proceases  of  growth,  which  result  in  thb  rupti^RE  OF  THE 

SEED-COVKRINGS.     This  is  effected  either  by  the  growing  radicle,  or,  in 

many  Monocotyledons,  by  the  cotyledon.   In  other  seeds  enclosed  within 

a  shell,  tlie  bursting  of  the  sliell  through  the  growth  of  the  endosperm 

or  cotyledons  precedes  germination.     In  cases  where  the  shell  is  very 

hard  and  does  not  consist  of  two  halves  easily  separable  by  internal 

pressure  (as  in  Cherry-stones),  special  places  are  often  provided  for 

the  egress  of  the  young  seedling.      At  the  end 

of  a  cocoa-nnt,  for  examjile,  such  points  of  egress, 

behind  the  thinnest  of  which  the  embryo  will  be 

found  emerging  from    the    endosjienu,    are   very 

easily  seen.     Through  the  extremely  hard,  thick 

shell  of  another  Cocoa-piilm,   i'lintg  lapii/ta,  there 

are  three  long  germinal  pores,  while  the  seedling 

of  Acroeomia  gcltTocarfa  hafi  only  to  push  a  loosely 

fastened  plug  out  of  tlie  thick  shell  of  the  seed 

(Fig.   221).     Similar  contrivances   are   found   in 

the  "iiji-f  i»n  ur  tVie  the   case   of    Fwrnhnva,    Citnna,    Typlin,    Potanuy 

m.itnfjmB«.f«»i»n-   t/eton,  and  many  Dicotyledons  [TelraijoKia  fOfOKaa, 

'X'n- p  Vn  id  BwWch   Medi4-ngo,    and    some    species    of    Oiwl/ryehis    and 

'.  V'-heJ  "ool"  of  Iht.    Portalam).      SEEDLINGS    PENETRATE   THE   SOIL   hj 

.hell  by  ihe  ifonniiai-  means  of  the  elongation  of  the  primary  root,  or  o( 
^prm.  (Aftrtprii^t)  'he  hypocotyl,  or  also,  as  is  the  case  with  many 
Monocotyledons,  through  the  movements  of  the 
geotropic  cotyledons.  After  the  descending  part  is  firmly  attached  to 
the  soil,  by  either  root-haira  or  lateral  roots,  the  upward  growth  com- 
mences. In  this  process  the  cotyledons  may  either  remain  within 
the  seed  or  unfold  above  ground.  The  first  is  often  the  case  where 
the  cotyledons  are  full  of  reserve  material  {Phasmhui  midtiflorvs,  ,7«- 
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cuius,  Qtiercus)f  or  where  their  function  is  to  absorb  nourishment  from 
the  endosperm  (in  Palms  and  the  scutellum  of  Gramineae).  More  fre- 
quently the  cotyledons  are  pushed  above  ground,  and  may  then  be 
thick  and  filled  with  reserve  nourishment,  or  thin  and  turning  green 
on  exposure  to  the  light.  In  many  Monocotyledons,  as  also  in  Eidnus, 
etc.,  the  cotyledons,  even  if  they  afterwards  appear  above  ground,  may 
first  take  up  the  nutritive  substances  of  the  endosperm  ;  while  in  the 
Conifers  the  cotyledons  perform  the  same  office  above  ground.  The 
COTYLEDONS  ARE  DRAWN  FROM  THE  SEED  by  the  curvature  of  the 
hypocotyl  or  of  the  petioles  of  the  cotyledons  (Smymiuin,  Delphinium), 
The  seed-coverings  aJso  are  often  further  ruptured  by  the  swelling  of 
the  hypocotyl  {CucurhitcLy  etc.).  The  unfolding  of  the  first  leaves 
above  ground  is  frequently  accompanied  by  a  contraction  of  the 
ROOT,  occasioned  by  its  distension  in  a  transverse  direction ;  the  seed- 
ling is  in  consequence  drawn  deeper  into  the  soil,  and  its  position 
rendered  more  secure.  Even  older  plants,  particularly  those  whose 
leaves  form  a  radical  rosette,  notwithstanding  their  upward  growth, 
are  held  close  to  the  ground  through  a  similar  contraction  of  their 
roots. 

When  its  attachment  in  the  soil  is  properly  provided  for,  and  after 
the  first  germ-leaves  are  unfolded,  the  young  plant  has  acquired  the 
capacity  for  self-sustenance,  its  further  growth  and  development  being 
dependent  upon  its  own  activity. 
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Special  Botany  is  concerned  with  the  special  morphology  and 
physiology  of  plants.  While  it  is  the  province  of  General  Botany  to 
investigate  the  structure  and  vital  processes  of  the  whole  vegetable 
kingdom,  it  is  the  task  of  Special  Botany  to  interpret  the  .structure 
and  vital  processes  of  its  separate  divisions.  The  aim  of  General 
Morphology  is  to  determine  the  phylogenetic  derivation  of  the  external 
and  internal  segmentation  of  plants,  and  to  refer  their  numerous  structural 
peculiarities  to  the  primitive  form  from  which  they  have  arisen.  The 
purpose  of  Special  Morphology,  on  the  other  hand,  is  to  trace  the 
development  which  has  been  reached  in  the  different  divisions  of  the 
plant  kingdom,  to  understand  the  form  of  individual  plants,  and  to  trace 
the  connection  between  one  form  and  another.  Thus  the  methods  of 
special  morphology  are  also  phylogenetic,  and  furnish  the  basis  for  a 
NATURAL  SYSTEM  of  classification  of  the  vegetable  organisms  based 
upon  their  actual  relationships.  Although  such  a  system  must 
necessarily  be  very  imperfect,  as  it  is  not  possible  to  determine,  directly 
and  indisputably,  the  phylogenetic  connection  of  different  plants,  but 
only  to  derive  indirectly  their  relationships  from  morphological  com- 
parisons, the  aim  which  we  set  before  us  is  none  the  less  both  legitimate 
and  essentially  justifiable. 

Such  a  natural  system,  founded  on  the  actual  relationship  existing 
between  different  plants,  stands  in  direct  opposition  to  the  artificial 
SYSTEM,  to  which  has  never  been  attributed  more  than  a  practical 
value  in  grouping  the  plants  in  such  a  manner  that  they  could 
easily  be  determined  and  classified.  Of  all  the  earlier  artificial 
systems,  the  sexual  system  proposed  by  Carl  LiNNiEUS  in  the  year 
1735  is  the  only  one  which  need  be  considered. 

LiNNiEUS,  in  establishing  his  classification,  utilised  characteristics 
which  referred  exclusively  to  the  sexual  organs,  and  on  this  basis 
distinguished  twenty-four  classes  of  plants.  In  the  last  or  twenty- 
fourth  class  he  included  all  such  plants  as  were  devoid  of  any  visible 
sexual  organs,  and  termed  them  collectively  Cryitogams.     Of  the 
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Cryptogams  there  were  at  that  time  but  comparatively  few  fonuB 
known,  and  the  complicated  methods  of  reproduction  of  this  now  largfl 
class  were  absolutely  unknov  n.  In  contrast  to  the  Cryptogams,  tho 
other  twenty-three  classes  were  distinguished  as  Phanbrooams  or  planU 
whose  flowers  with  their  sexual  organs  could  be  easily  seen.  JjNN^ua 
divided  the  Phanerogams,  according  to  the  sexual  character  of  llieir 
flowers,  into  such  as  possessed  hermaphrodite  flowen  (Classes  I. -XX.), 
and  those  in  which  the  flowers  were  unisexual  (XXI.-XXIIl.),  Plants 
with  hermaphrodite  flowers  he  again  divided  into  three  groups  :  those 
with  free  stamens  (I. -XV,),  which  he  further  distinguished  according 
to  the  number,  mode  of  insertion,  and  relative  length  of  the  stamens 
those  with  stamens  united  with  each  other  (XVI. -XIX.) ;  and  those  in 
which  the  stamens  were  united  with  the  pistil  (XX.),  Each  of  the 
twenty-four  ciasaea  were  similarly  subdivided  into  orders.  While 
some  of  the  classes  and  orders  thus  constituted  represent  naturally 
related  groups,  although  by  the  method  of  their  arrangement  in  thd 
artificial  system  they  are  isolated  and  widely  removed  from  their 
proper  position,  they  include,  for  the  moat  part,  plants  which  phylo- 
genetically  are  very  far  apart. 

LiNNiSUS  himself  (1738)  felt  the  necessity  of  establishiug  natural 
families  in  which  the  plants  should  be  arranged  according  to  their  "re- 
lationships." So  long,  however,  as  the  belief  in  the  immutability  of 
species  prevailed,  the  adoption  of  a  system  of  classiticatioii  expressive 
of  relationship  and  family  could  have  no  more  than  a  hypothetical 
meaning,  and  merely  indicated  a  supposed  agreement  between  planta 
having  similar  external  forms.  A  true  basis  for  a  natural  system  of 
classification  of  organisms  was  first  afforded  by  the  theory  of  evolnlion. 

The  system  adopted  as  the  basis  of  the  following  description  and 
systematic  arrangement  of  plants  is  the  natural  system  of  ALEX- 
ANDER Braun,  OS  modified  and  fttrther  perfected  by  ElCHLER  and 
othei-s. 

According  to  this  system  we  have  to  distinguish  between  Cbypto- 
OAMS  as  the  lower  division,  and  Phaneuogams  as  the  higher  div 
of  the  plant  kingdom. 


SECTION  I 

CRYPTOGAMS 

The  Cryptogams  include  an  extraordinary  variety  of  the  most  difl'crent 
plant  forms,  extending  from  unicellular  organisms  to  plants  exhibiting 
segmentation  into  stem,  leaf,  and  root.  The  Cryptogams,  however,  ar» 
collectively  distinguished  from  Phanerogams  by  the  mode  of  theic 
dissemination  by  spores,  in  contrast  to  that  of  the  Phanerogams,  whicb 
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effected  by  seeds  ;  Bpores  are  formed  also  by  Phanerogams,  but 
they  are  not  the  immediate  cause  of  the  origin  and  development  of  new 
individuals.  Seeds  are  multicellular  bodies,  within  which  is  included 
the  multicellular  rudiment  or  EUBRYO  of  a  plant ;  while  spores  which, 
in  the  case  of  the  Cryptogams,  become  separated  from  the  mother  plant, 
and  give  rise  to  a  new  and  independent  organism,  are  unicellular  struc- 
Uires.  C!ryptogams  may  therefore  be  termed  spore  PLANTS  or  Sporo- 
phytes,  and  Phanerogams  seed  plants  or  tSpermaphytes ;  although 
uniformity  to  previous  usage  and  custom  would  recommend  adherence 
to  the  older  tei-ms. 

The  Cryptogams  arc  divided  into  the  three  following  groups : — 

I.  The  TllALLOPHVTA,  embracing  a  gi-cat  variety  of  planta  whose 
vegetative  portion  may  consist  of  one  or  many  cells  in  the  form  of  a 
more  or  less  branched  thallua. 

II.  The  BliYUPHYTA,  which  include  forms  with  a.  leaf-like  thallus, 
as  well  as  cormophytic  forms,  with  evident  segmentation  into  st«ms 
and  leaves.  The  Bryophytes  possess  no  true  roots,  and  their  conduct- 
ing bundles  are  of  the  simplest  structure. 

III.  The  Pteridophyta,  or  Fern-plants,  exhibit  a  segmentation  into 
Kems,  leaves,  and  roots,  and  also  possess  true  vascular  bundles. 
While  thus  resembling  the  Phanerogams  in  structure,  they  difl'er  from 
them  ill  their  mode  of  repi'oduction,  and  in  their  dissemination  by 
means  of  spores. 

The  Thaltophjtos  and  Bryophytes  are  also  characterised  as 
cellular  plants,  in  contrast  to  the  Ptcridophytes  or  Vasculai-  Crypto- 
gams, which,  together  with  the  Phanerogams,  are  collectively  desig- 
nated vascular  plants. 


I.  THALLOPHYTA 


The  Thallo]>hytes    may    be    divided    according    to    their    natuiitl 

telacionships  into  the  following  classes  : — 


1.  Myxmnyeelrg,  Slime-Fungi. 

S.  Sckizophyta,  Fission- Plants. 

3.  Diatonuae,  IMatoms. 

4.  PeridtTuae,  Dinoflagellates. 

5.  CanjugatM^  Conjugates. 


6-  ChloTi/iihyctae,  Green  Algae. 

7.  Phaeophyctae,  Brown  Algae. 

S.  Ehodophjteat,  Red  Algae. 

9,  Charaaae,  Stoneworts. 

10.  //j^/wniyc«(f«  (fiumywfca),  Fungi. 


Formerly  it  was  customary  to  divide  the  Thallophyta  comprised 
fei  these  ten  classes  into  the  two  groups  of  Algae  and  Fungi.  The 
Algnc  are  Tlialiophytcs  which  possess  chroniatophores  with  colouring 
pigments,  particularly  chlorophyll;  they  are,  therefore,  capable  of  assimi- 
hting  and  providing  independently  for  their  own  nuti-ition.  The  Fungi, 
on  the  other  band,  are  colourless  and  have  a  aajirophytic  or  parasitic 


mode  of  life,  Such  a  method  of  clasBificatioii,  however,  although 
possessing  a  physiological  value,  has  no  phylogenettc  aignJlicance,  aa 
it  gives  no  exprcasion  to  the  natural  relationship  of  the  Fungi  to  the 
Algae,  from  which  they  have  been  derived.  Of  the  ten  classes  previously 
enumerated,  the  Schuophgla,  Feridinme,  and  Rliodo^hyceae  include  both 
assimilating  and  colourless  non -assimilating  forms:  the  Diatamtae, 
Coitjiigitlae  Chhrophyceite,  Phiteophyceat,  and  Charaetae  contain  exclusively 
assimilating  forms ;  the  Mijromycetra  and  Hyphmiycfles,  on  the  con- 
trary, include  exclusively  colourlesa  and  not  independently  assimilating 
forms. 

By  the  term  Algae  in  its  restricted  sense  are  understood  only  the 
Thallophyles  represented  in  the  classOB  3  to  8  ;  by  Fungi,  only  the 
Hifpliomr/celes.  To  the  ten  classes  of  the  Thallophytes  may  be  added, 
as  Class  II,  the  Lichens  (Lklieiifs),  in  which  the  thallus  attbrda  no  in- 
stance of  a  symbiosis  of  Algae  and  Fungi  (p.  213).  From  a  strictly 
systematic  standpoint,  the  Fungi  and  Algae  composing  the  Lichens 
should  be  clasailled  separately,  each  in  their  own  class ;  but  the  Lichens, 
among  themselves,  exhibit  such  a  similarity  in  structure  and  mode  of 
life,  that  a  better  conception  of  their  characteristic  peculiarities  is 
obtained  by  their  treatment  as  a  distinct  class. 

As  a  rule  the  Thallophytes  are  distributed  and  multiplied  by 
means  of  asexually  produced  spores,  but  with  a  varying  mode  of  de- 
velopment in  the  different  groups  ;  and  also,  although  not  in  all  classes, 
they  exhibit  a  sexual  mode  of  reproduction.  This  reproduction  con- 
sists, in  the  simplest  cases,  in  the  production  of  a  single  cell,  the 
ZYGOSPORE  or  ZYGOTE,  by  the  union  or  conjucation  of  two  bimi- 
LARLY  FOKMKD  SEXUAL  CELI^  OK  GAMETES.  In  many  of  tliB  more 
highly  developed  forms,  however,  the  gametes  are  diiTerentiated  as 
email  male  cells  or  Spermatozoids,  and  as  larger  female  cells,  the  egg- 
cells  or  OOSPHERKS.  As  a  result  of  the  fusion  of  an  egg-cell  and  a 
Bi)ermatozotd,  an  oospore  is  protlnced.  The  first  form  of  sexual  re- 
production or  fertilisation  is  termed  isooamcius,  the  second  oooahous  ; 
but  these  are  connected  by  intermediate  forms. 


Class  I 
Hyxotnycetes  (Slime-Fungi) 

The  Myxomycetes  form  an  indejjendent  group  of  lower  Thallo- 
phytes ;  in  certain  respects  they  occupy  an  intermediate  position 
between  plants  and  animals,  and  have  in  consequence  also  been  termed 
Mycelozua  or  Fungua-animals.  They  are  represented  by  numerous 
species  (about  50  genera),  and  are  widely  distributed  over  the  whole 
earth.     In  their  vegetative  condition  the  !Jlime-Fungi  consist  of  naked 


I 
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muses  of  proloplasiu,  the  tlasmodia,  containing  numerous  small  nuclei 
but  utterly  devoid  of  chlorophyll.  In  consequence  they  are  reduced 
to  a  saprophytic  mode  of  life  upon  decaying  vegetable  remains,  or  as 
parasites  they  often  obtain  their  nourishment  from  living  plants.  Tbe 
Plasmodia  (p.  51)  are  found  most  frequently  in  forests,  upon  soil  rich 
in  bumuB,  upon  fallen  leaves,  and  in  decaying  wood.  They  creep 
about  on  the  substrata,  changing  their  form  at  the  same  time,  and 
thrust  out  processes  or  pseudopodia,  which  may  in  turn  coalesce. 
Their  movements  are  regulated  by  the  intensity  of  the  light  and  heat 
to  which  they  are  ex|>osed,  and  by  the  amount  of  moisture  and 
Qourishment  supplied  by  the  substratum.  Altbougli  in  the  vegetative 
condition  the  plasmodia  are  negatively  heliotropic  and  [lositively 
hydrotropic,  these  characteristics  become  changed  when  the  process  of 
apore-formation  begins.  Tlie  plaamo<Hum  then  creeps  out  from  the 
eubslratum  towards  tbe  light  and  air,  and,  atler  coming  to  rest,  is  con- 
verted into  single  or  numerous  and  closely  contiguous  friictilications, 
according  to  the  genus.  On  the  periphery  of  each  fructification  an  outer 
envelope  or  PERIRICM  is  formed  :  while  internally  the  contents  of  the 
fructification  separate  into  s^tores,  each  of  which  is  provided  with  a 
nucleus,  and  enclosed  by  an  outer  wall.  The  spores  thus  formed  have 
accordingly  an  asexual  origin.  In  many  genera,  part  of  tbe  internal 
protoplasm  within  the  sporangium  or  spore- receptacle  is  utilised  in 
the  formation  of  a  CAPILLITIUM,  consisting  of  isolated  or  reticulately 
united  threads  or  tubes.  Ujion  the  maturity  of  the  sjwres,  the  peri- 
dium  of  tbe  3[Kirangium  becomes  ruptured,  and  tbe  spores  are  dis- 
persed by  the  wind.  In  the  case  of  the  genus  Ceratiomyxa,  the  process 
is  somewhat  simplified,  as  the  fnictili cation  is  not  enveloped  by  a 
peridium,  and  the  sjKireH  are  produced  at  the  extremities  of  short 
ataJks.  Skxual  reproduction  is  entirely  absent  in  the  Myxomy- 
cetes. 

A  good  cucample  of  the  development  of  the  pUsmodiK  from  tlie  B])ort-s  is  affurdtd 
by  Ckondriedenaa  difforiM,  a  aiimB-FnngtiB  common  on  decaying  leaven,  dung,  etc., 

I   vpoa  which  it  forms  small,  round,  seaiiile   BporangU.     The  germiu&tion  of  tbe 

[  spOTPn  (a,  Fig.  ^2,  p.  51)  may  Im  taiiily  observed  when  cultivated  in  an  iufusioo 
of  Cabbage  lemves  or  other  vegetable  matter.  The  spore-wall  is  ruptun<d  and  left 
empty  by  the  escaping  pratoplaat.  iStet  developing  a  flagellum  or  cilich  h  an 
organ  at  motion,  the  protoplast  swims  about  in  the  water,  being  converted  into  a 
DWAKK-spOBE  (Fig.  S2,  t-g),  with  a  cell  nuclouB  in  its  anterior  or  ciliated  end,  and 
a  coDtractile  vacuole  in  the  jiosterior  end  of  its  body.  Eventually  the  oiliom 
b  drawn  iu,  and  tbe  awarm-sporc  becomes  transformed  into  a  Mtxax<eba 
(Fungus  amrrba),  which  creepa  about,  and,  while  undergoing  oonxtant  alteration  in 
ita  sliape,  at  the  same  time  it  takes  up  Tood  material  by  enclosing  within  its  proto- 
plaamic  body  small  iiarticlca  of   rorcign   matter.      The    amieba    have   al^n   the 

I  capacity  of  muUipUcation  by  division.  In  conditions  unfavourable  for  their  duvclop. 
aunt  tbey   aoiround   themitelveB  with   a  wall,  and  as  MICBOCVSTS   paw  into  a 

I  Mate  of  rmt  fiora  which,  under  favourable  condition*,  they  again  emerge  ai 
n-sporei.     Ultimately  a  numWr  of  the  Myxamtebw  approach  close  together 


(Fig.  1-2.  Ij  iLnd  coslescK,  fDnuiiig  amkll  plosmodin  (Fig.  5'i,  in),  which  in  turn  fuM 
with  otiifTn  into  litrger  iiUsmodin  (Fig.  52,  n).  Botb  the  am[Bba°  and  pbumodis 
ue  Dourisbed  by  the  bmall  food  particles  tsken  up  by  the  protoplasm,  which  alM 
exhibits  active,  internal,  Btreaming  niovementa.  After  an  inttrval  of  a  fcw  day* 
the  Plasmodium  creeps  to  the  surface  of  the  substratum  to  the  air  and  light,  and 
passing  into  a  restiug  stage  becomex  at  lungth  converted  into  a  white  sponin^uin 
with  a  double  wall,  consisting  of  an  outer,  caleareons,  brittlo  peridium  and  an 
inner  and  thiDDcr  enveloping  pellicle  whiclf,  in  addition  to  the  niuneroua  spore*, 
enolosei  also  a  poorly  developed  capillitiiun. 

The  development  of  the  other  Myxoiuyixteii  is  accoinplisbcd  in  a  idmilar 
manner.  Very  large  plasmodia,  often  over  a  foot  in  breadth,  of  a  bright  ycUav 
colour  and  creamy  consistency,  are  formed  by  the  tan-pit  Fungus  Fuligo  vaxiauM 
(Atthalium  Mplkuin},  and  as  the  "  flowers  of  tsn  "  are  oft«n  (bund  iu  Buiumpr  Mi 
moist  tan  bark.  If  exi<osed  to  desiecation,  the  pUsmodia  of  this  Myiomycele  pMi 
into  a  rvsting  state,  and  become  converted  into  spherical  or  strand-like  sCLElinTiA,. 
from  which  a  plaamodium  is  again  produced  on  a  further  supply  of  water. 
Finally,  the  whole  Plasmodium  becomes  transFonned  into  a  dry  cushion  or  oak^ 
shaped  fructification  of  a  white,  yellowish,  or  brown  eolour.  The  fniotificatiou,  in 
this  imstance,  is  envelo)ied  by  an  outer  citlann>ous  crust  or  rind,  and  is  eabdivided 
by  niunerouB  internal  se[ita.  It  euolosea  uumeroiis  dark  violet -coloured  spotvi^ 
and  is  traversed  by  a  lilaaieutous  capillitium.  in  wliich  are  disiiersed  irregularly- 
shaped  vesicles  conlaining  granules  of  calcium  carbonate.  A  fructification  of 
this  nature,  or  ao-called  Kthalium.  consists,  therefore,  of  ■  number  ol  sporongi* 
combined  together,  wliilu  in  most  of  the  Myxomyoetos  the  sporangia  are  simpla 
and  ronoed  singly. 

The  Btrncture  and  nature  of  the  sporangia  alTord  the  mo»t  convenient  means  of 
distinguishing  the  dilferent  genera.  The  following  species  may  be  mentioned  u 
exhibiting  characteristic  ditferunoes  in  the  form  of  their  sporangia. 

iStcintmifti/uwn  forms  simple,  stalked,  cylindrical  sporangia  (Fij{.  222,  ^),  wliioh 
are  often  found  standing  lu  cliislers  on  dead  leaves,  bark,  etc.  The  stalk  is  pro- 
lunged  us  a  columella  through  tba 
^  ,-'7-rT'>-p-^  «|>orangiiim,  and  gives  rise  to  a  doli- 

t^^^^       /'i'C<P^)~T^\  cate,  reticulate  cajiillitium,   withia 

^BH     U-^/vhA  \  i t'-li  tl"*  nieshos  of  which  Ue  the  dark> 

^^^K   \j[  K^\^ttm  violet  spores.     The  ]i(,ridiuro  is  thin 

^^W    W",  -  v^^^^V  and  non-persistent.   Jrej/napvaietK- 

produces  its  spherical  sjioraugia  oa 
rotten  wood.  They  are  simply . 
stalked,  of  a  reddish-brown  caloitr, 
and  without  a  columella.  At  ma- 
turity the  peridinni  ruptures  cinm- 
larly  and  the  upiwr  part  falls  off, , 
whereiijion  the  capillitium  attBcIi«di 
to  the  baanl  Walls  of  the  spoiangiatti 
springs  out  suddenly,  and  sets  frsf ' 

pusittafK  11}:  (.;  Cribmrlarujii(x.  iij.  Tufii     also     dovelo|is    its     reddisk-- 

brown  gjioniugia  on  mttca  aturopa  of 

trws.     They  are  sim|ilv  and  stalked,  without  either  coliunelk  or  capillitium.     Tb' 

sporangia   oiten   at   the  ti)|i,  but  the  thickened  ]>artions  of  thu  fragile  pwidimn 

persist  alter  iti  rupture  in  the  form  of  a  net-work  (Fig.  222,  C).    LeoatrpH$/raffilU, 
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(Jroupsof  s|><)nmgia  upon  Mos8. 
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with  its  reddisli-browii  oval  sporangia,  may  frequently  be  found  on  nios«,  grass 
haulins,    etc.      The   si>orangia   are   simple,   and    have   a  double  peridium  and  a 

reticnilate  filamentous 
capillitium,  but  no 
columella  (Fig.  224). 
Trichia  rarin,  one  of 
the  commonest  species 
i>n  decaying  woo<l,  has 
a  sessile  globose  sj)or- 
angium  with  a  yellowish 

peridium,  which,  after  rupturing,  fonns  a  dish-shaped 
receptacle.  The  capillitium  is  made  up  of  delicate 
tubes  strengthened  by  spiral  thickenings,  and  having 
free  extremities  (Fig,  223). 

A  few  Slime-Fungi,  termed  collectively  Acrasieac, 
exhibit  a  more  simple  mode  of  spore- formation.  The 
s|M>res  on  germination  give  rise  directly  to  amoeba* 
without  the  [irevious  development  of  swarm-si>ores. 
Tlie  auKelxe  multiply  by  division,  and  without 
previously  undergoing  fusion  form  so-called  aggre- 
gate plasuKxlia.  In  the  i)rocess  of  8iM)re- formation 
each  ama*ba  of  such  aggregate  plasmcnlia  surrounds 
itself  witli  a  wall  and  as.-^umes  the  nature  of  a 
spon*. 

rhisnuHliophoi'n  Bmsslcin',  one  of  the  few  jiarasitic 

Myxomycetes,  causes  tuberous  swellings  on  the  lateral 

nM)ts   of  various  species  of  Urtissioi.     Its   ]»lasmodia 

till   the  cells    of  the    hypertrophied    parenchyma   of 

these  swellings,  and  tliesf,   eventually  dividing  into 

Vu..  T:z.  —  Trirhi,f  mrin.     A.    »»"»<*i"t>"^  sjK)res,  are  set  free  by  the  disorganisation  of 

("IomnI  anil   o|k'ii  sjM»raii;ji:i    tlie  plant.     Tin*  spores  germinate  like  those  of  Chun- 

(<»i);  /;,  a  niireof  the  capil-    ilruHhriiui,  and   tbe    Mvxannelue   penetrate    the  roots 

l^iUum  ( X  240) ;  r,  .i><,res  (  X     ^,,.  ,^    ^^.,,^,„^,   Cabbage-plant.       Tbe    fonnation   of  true 

N|M>rangia,  however,  (bus  not  take  placf,  and  this 
SHine-Fungus  represents  a  more  simply  organisi-d  or,  in  cons«'«|Ui'n(e  (»f  its  juirasitic 
luwb?  of  life,  a  degenerate  Myxomycete. 


Class  II 


Schizophyta  (Fission-Plants) 

The  Schizophyta  comprise  only  ThaUophytes,  having  very  simple 
structure;  they  may  be  either  unicelhilar  or  hhunentous,  consisting  of 
a  row  of  cells,  or  they  may  assume  the  form  of  ct*ll  colonies.  They  have 
no  sexual  mode  of  reproduction,  and  multiply  only  by  cell  division  or  by 
lisexually-formed  s|H)res.  They  include  two  orders — the  Fission- Algae 
or  Srfiizoj)hf/r*(tf\  and  the  SV7/r./>m//r//rs  (Fission-Fungi  or  Bacteria).  The 
cells  of  the  Srhn'tphiirtnc  contain  an  assimilating  blue-green  colour- 
ing matter.      The  Srhinnnf/nfrs^  on  the  other  hand,  which  are  only 
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exceptionally  provided  with  such  a  pigment,  live  either  parasitically 
or    saprophyticaliy,    and    may    be    regarded   as    a   derived    form    of 

Schizophyceae. 

Order  1.  Schizophyceae  (Fission- Algrae) 

The  Fission- Algae  were  formerly  thought  to  show  a  variation  from 
other  Algae  in  the  differentiation  of  their  cells.  It  was  customary  to 
distinguish  within  the  protoplasts  of  their  walled  cells  an  apparently 
homogeneous  colourless  central-body,  separated  from  the  other  portion 
of  the  cell  contents  by  a  delicate  membrane,  and  possessing  a  greater 
capacity  for  taking  up  stains.  According  to  the  recent  investigations 
of  Hegler,  this  central  body  has,  however,  the  structure  of  a  true 
nucleus,  and  undergoes  indirect  karyokinetic  division.  In  certain  of 
the  filamentous  forms,  special  cells,  no  longer  capable  of  division,  may 
contain  several  nuclei,  the  number  of  which  is  in  such  cases  the 
result  of  fragmentation.  The  cell  nucleus  is  surrounded  by  a  coloured 
peripheral  layer.  This  layer  may  be  considered  as  equivalent  to  a 
chromatophore  ;  it  contains,  in  addition  to  chlorophyll,  a  blue-green  or 
verdigris-coloured  pigament,  termed  phycocyanin,  to  the  presence  of 
which  this  group  of  the  Schizophyta  owes  its  name  of  Cyanophyceae 
or  Blue-green  Algae.  There  are  also  found  within  the  cells,  usually 
lodged  in  the  periphery  of  the  chromatophores,  small  granular  bodies 
of  an  unknown  significance,  the  so-called  cyanophycin  grains ;  while 
mucous  globules  are  also  disposed  in  the  vicinity  of  the  nucleus.  In 
addition  to  these,  vacuoles  occasionally  occur  in  the  cells.  The  cell 
walls  consist  of  cellulose,  and  often  exhibit  distinct  stratification,  and 
in  many  species  they  undergo  a  mucilaginous  modification  of  their  outer 
layers.  Multiplication  is  effected  in  a  vegetative  manner,  simply  by 
the  division  of  the  whole  contents  of  the  cells  and  by  the  formation  of 
partition  walls.  In  the  case  of  the  unicellular  forms,  included  col- 
lectively in  the  family  of  the  Chroocoaaccae  the  daughter  cells  separate 
after  the  division,  and  become  either  entirely  isolated  or  remain  as 
cell  colonies  in  proximity  with  one  another.  In  the  filamentous  forms 
or  JVosfacacm^,  the  daughter  cells  continue  in  contact  and  form  cell 
rows.  These  cell  filaments  eventually  break  up  into  shorter  segments, 
which  repeat  the  process  of  multiplication  and  segmentation.  It  is 
from  this  mode  of  reproduction  by  the  division  or  fission  of  the  cells 
that  the  name  Fission- Algae  has  been  derived. 

The  Fission-Algae  represented  by  numerous  species  are  universally 
distributed.  They  occur  as  floating  water  forms,  attached  to  stones 
and  plants,  or  they  form  mucilaginous  or  pubescent  coatings  on  damp 
soil,  moist  rocks,  tree-trunks,  moss,  etc. 

1.  Chroomcoirxuc. — The  simplest  forms  of  the  /S'c//?io^/<i;/cf or*  are  included  in  this 
family.  The  genus  ChrooOKXus  consists  solely  of  isolated,  rounded  cells,  whioh 
are  enveloped  by  a  thin  wall  and  have  a  hlue-green  colour.     In  other  genera  cell 
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colonies  "re  formed  by  the  daughter  cells,  which  result  Trom  division,  remaining 
FDclosed  in  a  common  gelatinous  envelope,  formed  by  the  mucilaginous  degeneration 
of  tbeir  cell  walls.  Thus,  the  four-cornered,  tabular  cell  colonies  of  the  genus 
llerisiitoptdia,  often  found  floating  in  the  water,  are  formed  by  repeated  cell  division, 
wliich  is  always  in  oue  jilaue  and  in  two  directions  only.  Tlie  cell  colonies  of 
Glotoatfita,  whose  different  species  forra,  for  tile  most  [wrt,  olive-green  or  blue- 
green  patches  on  damp  walls  and  rocks,  present  a  peculiar  appearance,  as  sbown  iu 
Fig,  225.  The  walls  of  the  cells  are  mucilaginous  and  suollcn.  Wbeu  a  cell 
divides,  the  walls  of  the  daughter  celb  also  become  mucilaginous,  while  at  the 
same  time  they  remain  enclosed  within  the  walls  of  the  mother  cell  In  this 
muiner,  th    ugh  d  nnb       dmnson  la      abca  und  d         n; 

composed     (2         Som  poddw  ayak  no 

daughter        n 

2.  Noswu-a       Th       m  m  h      an  a       dc    ded      e 


must  highly  develoj-^l  of  the  Fission -Algae,  are  uicnly  lilanieiitous  rows  of  cells, 
unLrancbed  and  without  any  distinction  of  basu  or  upcx.  Tliis  is  tlie  cose  in  the 
genus  OKtlkiria  (Fig.  226),  wliusc  single  Dknieiits  arc  motile  s:id  exhibit  (leculiar 
gliding  movements.  The  tllameuts  consist  of  disv-shai>vd,  bhie-greeu  cells,  witli 
numerous  suiall'granules  dis^Mised  in  their  |>eriplieral  |>rotophism,  which,  as  a  rule, 
Bp[iearH  to  be  especially  accumulated  along  tlie  transverse  walls  (t'ig.  2'20,  II).  The 
terminal  cells  of  the  lilaincuts  are  usually  rouudc<l.  By  the  rounding  off  and 
separation  of  any  two  adjoining  cells  the  whole  lilauieiit  (uay  break  up  into  short 
genninal  segments,  termed  iiDKMOiiUNl.v,  which  then  grow  out  again  into  long 
filaments.  In  species  in  which  the  lilameiits  are  invested  with  thick  sheathing 
wills,  the  hormogonia  creep  out  of  the  cell  envelope,  leaving  only  the  emjity 
sheath  remaining.  Tiie  si>ecies  of  (Jscill'iriu  utii  loiind  in  tufts,  either  freely  float- 
ing or  growing  uiKin  dami>  soil. 

While  in  tlie  ease  of  Uicilluria  und  in  suveral  other  geiu-ra  the  cells  an  all 
alike,  many  Nattuaiccac  not  only  develop  special  cells,  termed  iietehw-VSIs,  which 
seem  to  be  incapable  of  further  development,  but  also  thick-walled  resting  cells  or 
nl'oliiM.      This  is  the  habit  of  the  genus  Xustoi,  which  is  found  growing  on  dump 


soil  ur  llostinji;  in  wiitar  in  tlir?  Toriii  of  gel&tinouH  muisps,  iu  which  tie  embedded  tlis 
unbranuhed  cell  Slanients  likii  rows  of  beads.  Eetcrocjals  jHiorl;  supplied  witb 
iTTegnlar  intervnU  (Fig.  227|  A)  in  these  cliniiiH  of  DelU,  while 
from  the  vegetative  cells,  richer  in  oontenta,  aporea 
(»p)  ore  produced.  On  genninstioii  tUpse  ijnrM 
give  ri»e  to  a  new  filament  compoaed  of  tiimiJarly 
united  cells  (Fig.  237,  S.  C). 

In  certain  AWonuwic  the  ecU  fllamcnts  ara 
charaoterieed  bj  false  branuliing.  This  ]Kieudu- 
branching  occurs  whun  a  cell  of  a  fllament  becomes 
bent  outwards  and  u  jiURlied  upwards  by  tbe  oob- 
ttnued  dirision  of  the  lower  cells,  so  that  the 
upper  iwrtion  asBumea  the  appeamnce  of  a  lateral 
branch. 

Many  Cyanopliyceae  take  part  with  the 

Fiingi  in  the  formation  of  Lichens,     Some 

species    also    are    endophytic    and    inhabit 

_     f         cavities  in  other  plants.     Thus,  species  of 

Fto.  'sa.—statBc  LiKkH.   A.  Fiia-  Nosloc  are  constantly  found  in  tbe  tissues 

Dumt  wiih  two  heuroejm.  (i).  of  certain  Hepaikae,  in  Ltmwi,  and  in  the 

&''talll^''"'^''ta^ClI!i''tQ'  ^o^  of  ^'J"^  """J  Gunwra;  and  similarly 

Htnninaif;  c,  ;ouni{  nbniiEiit  a  species  of  Anabaaut  occurs  in  Axolhx. 

'to^^tTx ^m\  '^''   **^'         Eei)ecially  interesliug   are  the  floating 

forma  of   the   Cyanopkyceof,    which   rise    in 

quiet  water  to  the  surrave,  and  collect  there  in  large  masses.     In 

the  protoplasm  of  the  cells  of  these  species  {f.g.  GtoeotHcJitt  efhimUata, 

Antibaeiia  jlog  aijinte,  of  fresh-water  lakes)  are  found  numerous  vacuoles, 

which  are  filled  with  gas  and  render  it  jiossible  for  the  Algae  to  float 

on  the  surface  of  the  water. 


Order  2.  Schlzomycetes  (Fission- Fungi,  Bacteria) 

The  Fisaion-Fungi  differ  from  the  Fission-Algae  principally 
through  the  absence  of  an  assimilating  green  pigment  in  their  cells. 
In  them,  too,  no  cell  nucleus  has  as  yet  been  found,  although,  according 
to  Hkgleu,  a  cell  nucleus  is  present  in  ceitain  species  which  he  investi- 
gated. Their  protoplasm  is  colourless  and  always  enclosed  by  thin 
cell  walls.  In  a  condition  of  plasmolysis,  induced  by  means  of  a 
salt  solution,  the  protoplasm  becomes  contracted,  and  shrinks  from  th« 
cell  walls,  from  which  it  may  be  concluded  that  within  the  cells  of 
Bacteria  there  is  a  sap  cavity  surrounded  by  a  peripheral  cytoplasmic 
layer.  Like  the  Fisaion-Algae  the  Fission-Fungi  occur  under  a  great 
variety  of  forms.  The  tattor,  however,  are  of  a  much  smaller  size,  includ- 
ing in  fact  the  smallest  of  known  living  organisms.  The  spherical  cells 
of  Microfocras  pnirii(/wsiis,  which  develops  on  cooked  potatoes,  bread, 
milk  and  meat,  and  is  distinguished  by  the  formation  of  a  blood-red 
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pigment,  measure  only  0*0005  mm.  in  diameter,  while  the  rod-shaped 
cells  of  the  Tubercle  Fungus,  Bdrilliis  Tuberailosis,  are  only  from  0*0015 
mm.  to  0-005  mm.  long. 

The  simplest'  form  of  Fission-Fungi  are  represented  by  minute 
spherical  cells,  Cocci.  Forms  consisting  of  short,  rod-shaped  cells  are 
designated  Bacterium  ;  those  of  the  same  shape  but  longer  are  known 
as  Bacillus.  Simple  cell  filaments  are  termed  Leptothrix  ;  spiral, 
closely-wound  filaments  are  classified  as  SpirillL'M,  when  more  loosely 
wound  as  Vibrio,  and  longer  spiral  lilaments  as  SPIROCH.ETE.  In  the 
highest  stage  of  their  development  the  Fission-Fungi  consist  of  ceil 
filaments  exhibiting  false  branching,  as  in  certiiin  of  the  Koslocaceae. 
As  in  the  Fission -Algae,  but  more  frequently,  the  cell  walls  become 
swollen  and  mucilaginous.  In  this  condition  of  their  development, 
t«nned  Zoochea,  the  Cocci,  Bacilli,  etc.,  appear  to  be  embedded  in  a 
gelatinous  mass,  as  in  the  Alga  Nosic: 

While  most  Bacteria  have  only  one  form  throughout  the  whole 
course  of  their  growth,  and  are  accordingly  spoken  of  as  species  of  the 
genera  Mirrocerun,  Biirlerittni,  BarUliis,  etc.,  there  are,  on  the  other  hand, 
so-called  pleomorphic  species  which  exhibit  differences  of  form  cor- 
responding to  different  stages  in  their  life-historj'. 

)Iulti plication  of  the  individual  is  accomplished  vegetatively  by 
the  active    division  or  fission    of  the  cells ;  the  preser\-ation  and  dis- 
tribution of  the  species  by  the  asexual  formation  of  restisg -spokes. 
Bacteria  may  be  divided  into  the  follow- 
ing two  groups,  according  to  their  mode 
of  spore -formation  :— 

1.  AuTHROKPOitofs  Bacteria,  in 
which  vegetative  cells,  just  as  in  the  case 
of  .V"S(w  (Fig.  227),  simply  become  thick- 
wallcd  and  converted  into  spores  ('■/. 
LtHeimmtor,  Fig.  231,  E). 

2.  Enddsporois  Bacteria,  in  which 
the  spores  are  formed  within  the  cells  by 
the  contraction  of  the  proto])lasm  and  its 
investment  with  a  new  cell  wall  ('/. 
Iknilim  s«hlUi.%  Fig.  230,  /;), 

Many  Bacteria  are  motile.  Their  in- 
<lependent  movements  are  due  to  the 
vibration  and  contraction  of  fine  proto-  1 
plasmic  cilia.  These  flagella,  according  to 
A.  Fischer,  are  distributed  over  the  whole 
surface  of  the  cells  (e.y.  Jliui/hm  .nthlili:'. 
Fig.  228,  and  also  the  Typhus  Bacillus),  ^^ 
or  they  are  polar,  and  spring  from  a  single 

point.  A  single,  polar  flagollum  occurs  in  yUnii}  cholerae ;  a  [Kilar 
terminal   tuft   of   HagcUa  in   Badcriimi    tmiiv :   a   lateral  polar   tuft 
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in  the  swarm -spores   of    Cladothrix.     The  ciliary  tufts  may  become 
80   closely  intertwined   as   to   present   the   appearance   of   a   single 

thick  flagellum.  The  cilia, 
although  arising  from  a  pro- 
trusion of  the  cell  protoplasm, 
are  never  drawn  within  the 
body  of  the  cell,  but  undergo 
dissolution  before  the  forma- 
tion of  spores  takes  place. 
The  existence  of  such  special 
flagella  has  not  as  yet  been 
demonstrated  in  the  Fission- 
Algae,  so  that,  in  this  respect, 
there  is  a  characteristic  differ- 
ence between  them  and  the 
Fission-Fungi. 

The  Fission  -  Fungi  are  repre- 
sented by  numerous  species,  and 
liave  a  world  -  wide  distribution. 
Although  they  present  but  little 
variety  of  external  form,  the  sepa- 
rate and  scarcely  distinguishable 
species  exhibit  numerous  variations 
in  their  metabolic  and  nutritive  pro- 
cesses {cf.  also  pp.  212,  197).  A  dis- 
tinction is  also  made  between  sapro- 
phytic and  parasitic  forms.  To  the 
former  belong  the  mori>hologically 
most  highly -developed  species,  of 
which  the  highest  is  represented  by 
Cladothrix  didiotoma.  This  Fission- 
Fungus  is  found  in  stagnant  water, 
and  consists  of  falsely  branch- 
ing, delicate  filaments  (Fig.  229) 
attached  to  stones  and  Algae,  and  forming  a  slimy  coating  over  them.  The 
filaments  are  composed  of  rod -shaped  cells  enclosed  within  an  outer  filamen- 
tous sheath.  Multiplication  occurs  through  the  separation  from  the  ^Mirent 
filament  of  longer  or  shorter  branches,  which  i)ass  into  a  swarm  stage  and 
eventually  fall  into  still  smaller  rod-like  segments.  These  segments  either  escajH* 
from  the  enveloping  sheath  or  are  set  free  by  its  dissolution.  Eight  or  ten  flagella 
spring  from  a  jjoint  on  the  side  of  the  cylindrical  swarm  segments  or,  as  they  are 
termed,  ro<l-gouidia.  After  swarming,  the  rod-gonidia  settle  down,  and  attaching 
themselves  to  a  supi)ort  grow  out  into  new  filaments. 

Tlien^  are  also  always  found  associated  with  Chidothrix  numerous  other  sapro- 
phytic Bacteria,  Vibriones,  Spirilla,  Cocci,  Zooglaw.  It  is  doubtful  whether  these 
are  all  merely  different  stages  in  the  development  of  Clniiothrix,  This  view  has 
certiiinly  not  been  positively  demonstrated  as  yet  by  actual  continuous  observation. 
Among  the  most  eonmion  filamentous  Fission- Fungi  occurring  in  water  are  the 
Sulphur  Bacteria  {cy.  Beyijiatoa  alha\  which  form  small  granules  of  sulphur  in 


Fio.  Il^.—Clculothrix  di/hotoma 
filament    witli    rod  -  shaped 


Part  of  a  branched 
cells ;    treated    with 


fachsin.    (After  Fischer,  x  540.) 
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thrit  ce\U  if  aiilphuntted  hvdrogeo  itr  preseut  in  their  eiivironnirut.  Another 
liUmeatnuii  Fiuion-Fungui*,  CrennUirix  KH/tnuirui,  in  llii>  sheaths  of  wlioar  lilsnieDtH 
drposita  or  bjdrated  oxide  of  iron  are  found,  U  of  frvtiuent  occiirrcncp  in  springs  and 
Rater-pipes,  where  it  forms  hrown  slimy  massoa  an'l  renders  tlie  water  unlit  for 
drinking.  In  both  of  thenc  Ust-namcd  SehhnmycfUs  tlie  RlamontH,  unlike  those  of 
Cladolkrix,  are  unbranchcd. 

The  m^ority  of  Bacteria,  like  these  ini|"orlaut  water -WtPria,  maintain  a 
uprophytie  mode  of  life.  Their  metabolio  processes  vary  in  corresjioiidence  witll 
their  numeroun  decomposition  products,  and  are  usually  adajitnl  to  definite  conditions 
of  nntrition.  Thus  the  Hay  bacillus,  Baeillus  aublUls,  develops  in  an  infusion  of 
liay.  The  sjiores  are  able  to  withstand  tlie  heat  employed  in  making  the  infusion, 
and  produce  in  from  12  to  15  hours,  on  the  surface  of  the  liquid,  n  gelatinous  pelliclo 
consisting  of  closely  compacted  ]iarallel  filaments.  Each  filament  is  composed  of 
long  rod -shaped  cells  in  active  process  of  division  (Fig.  230,  J).  After  exhaustion 
of  the  nutrient  substance  of  the  infusion,  an  eiidog-'nous  formatinn  of  f^jiores  takes 

■"■■    '■       '      ",  4     ■      ■ 
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place  within  tin-  cells  of  tlie  fitatm'nts  (B).  In  K'TriiinaliiiK.  the  walls  of  the  s[«res 
becunif  niptiiriii  on  'ini-  siih'  and  their  i-lcinfiating  pro|ii].lasniic  eimteuts  emerge  as 
ml-sliaiHid  KWiinn-sjHires  ]<rovideil  will)  iiimi<'r.iii.s  lhi);r>lU  (Fi,-.  -JliSi,  mid  niuUiidy 
further  liy  division. 

Many  Ha[>ropliy tic  Ititeteria  iire  eh^ruelvrised  liy  tlieir  (Mp^ii'lly  l<i  induce  fenii en t- 
ation  and  [■utrefnclion.  and  in  the  ojKTatiim  of  their  nietii!"ilie  priK'casi's  are  aide  to 
decomjiCHW  certain  organic  com  jm  muds.  Thu-"  L<i'r;,i.a>l.ir  ,a-!UHliriaiilf»  oii:a»ioni 
the  mucmiiH  fermentation  of  iH'et ■  siig.ir.  It  funtis  ;i<'l:itiii<>iis  iii.ism'h  n'si^mhling 
fmg-sjiawn,  c<msihting  of  a  nuinher  of  i>oly(!nnal  eolcnii's  i-nelosing  rosary-lfkn 
eliains  of  eel  Ik  within  tin'  mncilnginous  sh>-i>tlis  ^Fi^'  --"■  !')•  I"  it"  niodo  uf 
s]iure-fi>mintii>n  this  sprries  of  Fis!-i-ii-Kiinf;ils  eliM-ly  re.semblei  the  Fission -Algae 
XflnhM:.  SiH-cial  eells  of  the'  <-]i;iiii  Ini-ome  liii'){i-r  and  trrtlisri>rmiil  into  Hrthnis[>orHi 
(£).  lu  Ihi-  l.rc»-ei.s  org.Tiiiiiiiiti"U  lli.'s-  sj^res  iH'.-.inie  invesUsI  with  a  gelatlnonH 
-heath  (//I.  and  liev.lo].  ii.lo  Ihi.-k  hul  >l»irt  rm>-  or  ehalus  of  cell*  ""i.  These 
unite  into  colonies,  anil    lln'^e  ii;.;.!]!!  intr)  ^.tiiii]!.^  nf  eolonies.   thus   forming   large 

gelatinous  masses  similar  l..  Hi i^iiMl,      Tl,..  Viti.K.ir  1«el.-rium,  /l-.r/.n,,...  a»ti, 

..Kiili-s  alcohol  into  viiieH.ir  ;  /.■..,-,7/h.<  »,„„/../-.^/-f  .-Vi.-icns  the  butyric  fenuenla- 
tton  :  Ihirlfriuw  >-r,.w  the  Muirel'^i.tiuN  .>f  albiimeii.  meat,  .-te. 
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Among  the  jMirasitic  Bacteria  there  are  numerous  forms  which  may  be  described 
as  harmless,  as  for  example  Sarcinu  vtnlrlctili  (Fig.  232,  A)^  which  forms  cubical 
masses  of  cocci  in  the  stomach  and  intestines  of  man  ;  also  the  various  Bacteria, 
Micrococcus,  Spirillum  dcntium,  Leptothrix  hticcalis,  etc.  (Fig.  4,  p.  11),  which 
occur  in  the  cavity  of  the  mouth.  Of  dangerous  or  j>athogenic  Bacteria  which 
have  been  demonstrated  to  be  the  cause  of  infectious  diseases,  mention  may  here  be 
made  of  the  following :  Bacillus  Titberculosis,  the  cause  of  tuberculosis  (Fig.  232,  C) ; 


,SK^ 


Fig.  231. — Ltuconostoc  mesctitfrioides.  A,  Iso- 
late<l  HiKjres ;  J!,  C,  foniiation  of  chain  of 
cells  with  gelatinous  sheath  ;  D,  iwrtion  of 
mature  z<><»gU»*a  ;  E,  formation  of  spores  in 
the  lllameiits  of  the  zooglo^a.  (After  Van 
TlECHKM,   X  52().) 


If 


Fio.  232.—^,  Sarcina  ttntrindi  (xTOO);  /;, 
Splntchnete  Obtrmtieri  (x950);  C,  JUirillus 
Tiifierrnlosis,  plasniolysis  of  contents  occa- 
sional by  nioile  of  treatment  (x  1500) ;  If, 
I'ihrio  cholerne  (xOoO);  A*,  StrejttcH'occus 
]nio<ji^iu:s  (  X  "XtOy.    (After  Bai'MOarten.) 


Vibrio  cholcrae  asinticac,  the  comma  Imcillus  of  Asiatic  cholera  (Fig.  232,  />)  : 
Spirocliacte  Obcnncicri  (Fig.  232,  /?),  found  in  the  blood  of  jwtients  suffering  from 
intermittent  fevrr  ;  Bacillus  Tiiphi,  the  bacillus  of  typhoid  fever  ;  the  pyogenic 
Bacteria,  Streptococcus  pyogenes  (Fig.  232,  E)  and  Staphylococcus  aureus  ;  Str€pti>- 
coccus  ErysipelatiSj  (Kcurring  in  the  lymphatic  glands  of  i)ersons  affected  with 
erysipelas  ;  Bacillus  Anthracis,  the  anthrax  bacillus,  with  a  mode  of  sijore-fomiation 
similar  to  that  of  the  Hay  bacillus. 

Ithizobium  Leyuminosaruin  {Bacillus  radicicola)  lives  in  symbiosis  with  the 
Lc(ju/ni nosae,  and  causes  the  formation  of  their  root-tubercles.  After  multiply- 
ing enormously  in  the  colls  of  the  root-tubercles,  the  Bacteria  eventually  undergo 
transformation  into  bacterioids  (see  p.  211). 


Class  III 


Diatomeae  (Diatoms) 

The  IHatonieae  constitute  a  large  class  of  unicellular  Algae, 
including  about  1500  species.  They  usually  occur  associated  together 
in  large  numl)ers,  in  both  fresh  and  salt  water,  and  also  on  damp 
soil. 

The  individual  cells  or  fuustulks  are  either  solitary  and  free- 
swimming,  or  they  are  attached  by  means  of  gelatinous  stalks,  excreted 
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by  the  cells  themselves.  Sometimes  these  chains  remain  connected 
and  form  bands  or  zigzag  chains,  or,  on  the  other  hand,  they  are 
attached  and  enclosed  in  gelatinous  tubes,  while  in  the  case  of  the 
marine  genus  Schizaiievut  they  lie  embedded  in  large  numbers  in  a 
gelatinous  branching  thallus,  often  over  1  dcm.  in  breadth.  The  cells 
also  display  a  great  diversity  of  shape;  while  generally  bilaterally 
symmetrical,  they  may  be  circular  or  elliptical,  rod-  or  wedge-shaped, 
curved  or  straight.  The  structure  of  their  cell  walls  is  especially 
characteristic;  it  is  composed  of  two  halves  or  VAIAT.S,  one  of  which  over- 
laps the  other  like  the  lid  of  a  box  (Fig.  3,  B,  p.  11).  The  cells  thus 
present  two  altogether  different  views,  according  to  the  position  in  which 
they  are  observed,  whether  from  the  girdle  (Fig.  3,  B)  or  valvk-side 
(Fig.  3,  A).  Both  valves  are  so  strongly  impregnated  with  silica,  that, 
even  when  subjected  to  intense  heat,  they  remain  as  a  siliceous  skeleton, 
retaining  the  original  form  and  markings  of  the  cell  walls.  The  walls 
of  the  cells,  particularly  on  the  valve  side,  are  often  ornamented  with 
numerous  fine,  transverse  markings  or  ribs,  and  also  with  small 
protuberances  and  cavities.  In  many  instances  (Fig.  3)  a  longitudinal 
line  corresponding  to  an  opening  in  the  cell  walls,  and  exhibiting 
swollen  nodules  at  both  extremities  and  in  the  middle,  is  distinguish- 
able in  the  surface  of  the  valves.  Forms  provided  with  such  a  median 
suture  or  raphe  are  characterised  by  peculiar  backward -creeping 
movements,  resulting  from  the  extrusion  of  protoplasmic  protrusions 
from  their  longitudinal  edges.  Each  frustule  has  always  a  central 
nucleus  and  one  (Fig.  3)  or  two  large  or  numerous  smaller  (Fig. 
233,  />)  chromatophores  embedded  in  its  parietal  protoplasm.  These 
chromatophores  or  endociirome  plates,  as  they  are  often  called, 
are  flat,  frequently  lobed,  and  of  a  brownish- yellow  colour.  In 
addition  to  chlorophyll  they  contain  a  golden  brown  colouring  matter, 
termed  diatomin.  Globules  of  a  fattv  oil  are  also  included  in 
the  cell  contents,  and  take  the  place  of  starch  as  an  assimilation 
product. 

The  Duitomeae  multiply  vegetatively  by  bipartition,  which  always 
takes  place  in  one  direction.  In  this  process  the  two  valves  are  first 
pushed  apart  from  one  another  by  the  increasing  protoplasmic  contents 
of  the  mother  cell,  which  then  divides  longitudinally  and  always  in 
such  a  direction  that  each  of  the  two  new  cells  retains  one  valve  of  the 
original  frustule.  After  the  division  of  the  protoj)lasm  of  the  mother 
cell  is  accomplished,  each  daughter  cell  forms,  on  its  naked  side,  a 
new  valve  fitting  into  the  old  one.  The  two  valves  of  a  cell  are 
therefore  of  difterent  ages.  In  consequence  of  this  j)eculiar  manner  of 
division,  as  the  walls  of  the  cells  arc  silicified  and  incapable  of  dis- 
tension, the  daughter  cells  become  successively  smaller  and  smaller, 
until  finally,  after  becoming  reduced  to  a  definite  minimum  size,  they 
undergo  transformation  into  auxospohes.  The  auxospores  are  usually 
two  or  three  times  larger  than  the  frustules  from  which  they  arise. 


and  by  their  further  development  they  re-establish  the  original  size 
of  the  cells. 


The  fonnation  of  auxospores  is  sccompliahed  in  various  ways.     lu  the  case  of 
Mtlotira,  a  rree-Bwimming  geaua  whose  cells  are  joined  together  lo  chaina,  the 


single  cells  simply  swell  greatly  ii 


<^J^ 


«■  valves  (Fig.  233,  U). 
An  altogether  different  mode  of  apore- 
formation  is  exhibited  by  the  isolated, 
unatUched  cells  of  CuKonema  lanau- 
latam  (Fig.  233,  B).  In  this  insUnce, 
two  cells  place  them  selves  together  side 
by  side,  and  throwing  off  their  valveii, 
Burround  themselves  with  an  envelop- 
ing gelatinous  mass.  Eaeli  naked 
protopliMt,  without,  however,  under- 
going conjugation,  is  then  transrornied 
into  a  single  large  auxo»pore,  which 
ultimately  becomes  invested  with  a 
new  cell  wall.  In  other  genera  true 
conjugation  occurs  ;  thus,  in  the  case 
of  ffimantidiiiai  ptelinalt  (Fig  233 
A)  eaci  au  o«i)ore  s  the  result  of  tl  e 
coaj  git  on  of  tno  nd  d  als  On 
th  oti  er  I  and  n  tl  e  formation  of 
oiiwjres  of  EpxUe  turgida 
i  (7)  each  of  the  coiqugal  ng 
ttn  tilles  first  d  dei  to  da  ghter 
cells,  rl  ch  tl  n,  t  s  g  twoandtfto 
with  the  corre.iponding  daligbter  cells  of  the  other  frustiile,  give  rise  to  two  auito- 
spores.  The  aiixospores  do  not  pass  through  a  period  of  rest,  but  begin  at  once  to 
multiply  by  division. 

Conntless  numbers  of  Diatoms  live  in  tbe  ocean,  and  tliey  constitute  also  a  ]>ro- 
portionately  large  part  of  the  pc.askton,  that  is,  the  free-swimming  organic  world 
on  the  surface  of  the  sea.  The  iilanktou  Diatoms  hare  no  middle  suture  or  raphe 
on  the  surface  of  their  valves,  and  are  especially  adapted  to  swimming  or  floating. 
To  this  end  they  are  often  provided  with  horn-like  protuberances  or  membranous 
wings,  which,  like  the  contrivances  of  seeds  for  a  similar  puriioae,  greatly  enhance 
their  buoyancy. 

Diatoms  occur  also  as  fossils.  Their  silicified  valves  form  a  large  i«rt  of  the 
dojiosits  of  SiLlcEors  Eahth,  Kieselguhr,  mountain  meal,  etc.,  and  in  this  form 
they  are  utilised  in  the  manufacture  of  dynamite. 

On  account  of  the  extreme  tineneas  of  the  markings  of  their  valves,  it  is  cua- 
tomary  to  employ  certain  species  of  Diatoms  as  test  objects  for  trying  the  lenses  of 
microsciijies.  Pkufisii)i«a  anyuialttiniti  commonly  used  for  this  pur|iose,  and,  with 
a  snniciciitly  strong  b-ns,  it  is  ]>ossiblc  to  distinguish  un  the  surface  of  the  S-shaiH'l 
valves  a  system  of  fine  markings,  forming  a  network  of  wix. sided  meshes  to  the 
right  and  leit  of  tiic  raphe. 


:x400);C-,Kl>/Hi™intur¥iJa(«!OI))    I    Minim 
inrt.™  (K  2M).    (A-<-  an«r   flu  TH 
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Perldineae 


The  Peridincae  or  J>iitoflagclInta  were  formerly  claased  with  Hie  lowest  animalB, 
but  arc,  jn  reality,  unicellular  Thallophytes.  Tliey  live  Tor  the  most  part  in  salt 
water,  and  form,  together  with  tlia  Dialoinrae,  ao  important  part  of  the  plankton 
Heating  on  the  surface  of  the  ocean.  Their  cell  planma  contains  a  nucleus,  a  com- 
plicated system  of  vacuoles,  and  light  yellow,  tahular  ehromatophores.  The  pres- 
ence of  these  chromatophores  in  the  Peridiiiene  has,  in  particular,  been  considered 
indicative  of  tlieir  vegetable  nature.  The  Peridincae 
are  further  characterised  by  two  long  protoplasmic  <i^^ 

cilia  or  flagelk,  to  the  vibrations  of  wl  cl   th   mo  ■If^W^^^i',. 

rnents  of  the  cells  arc  due.     Tlio  flagella    i    ng  f   m  *f^    ^.^^ 

the  ventral  side  of  the  cells,  and  lie  in  t       furrow  '      W/S  )p- 

which   cross  each   other  at   right  angi         n   tl 

surface  (Fig.  234),     Only  a  few  ftrtV/in       a       nt     1  ' 

naked;  moat  of  them  have  peculiarly  sculpt      d      11  ^ 

walls,   consisting  of  iutt^rsecting  cellul  se  plat      o  \  '<, 

ribs.     They  multiply  by  division,  and   n   h    autun  n  _^ 

form   thick-walled   cysts,   in  which   cond     o     tl   } 
[laas  thi!  winter.     Conjugation  ha.i  not  b  en  ob        cd 

In  addition  to  the  forms  which,  like  Algae,  sus  /  "^ 

tain   theDiBelvcn   by   means   of   assimilating    yellow 

chromatophores,  there  occur  also  .■olourlcss  Peri-  Fi"- 5|«--''«'^rf'"'>"»  Wp".  ven- 
..  .  ,  ,      ,  ,  .J         i™l  view.    (After  ScHiLUiKi, 

atiuae,   whose  euromatoiihores  arc  only  represi'nted         j,  -r^^ 
by  colourless  leucojilasts.      Such  species,   although 

nearly  related  to  the  brown  PcrtdiHcae,  live  either  as  sapropliytcs  or  in  the  same 
way  as  animals,  (ii/iiiin/diniuin  liyalinuia,  a  colourless,  naked,  fresh-water  form, 
exhibits  a  moiie  of  life  resembling  that  of  a  Jlyxomycete.  For  the  puriJose  of 
absorbing  nourishment  it  loses  its  cilia  and  assumes  llie  form  of  an  ama'ba  ;  in 
this  condition  it  encloses  and  digests  amall  Algue. 


Class  V 
Conjug^atae 

In  the  class  of  the  Cwijumt'f  is  inchided  a  large  independent  - 
group  of  green,  fieali- water  Algae,  comprising  over  1000  sjiecies,  in 
the  form  either  uf  solitary  cells  or  filiimentous  rows  of  cells.  They 
derive  their  name  from  their  peculiar  mode  of  sexual  reproduction, 
which  consists  in  the  roN.irGATH)N  of  two  up]Kircntly  similar  cells, 
renulting  in  the  formation  of  a  ZViiusi-uiit-  They  are  in  this  respect 
sharply  distinguished  from  all  the  other  green  Algae,  the  ('Moidphijreiif, 
from  which  tlioy  may  ho  distingiiinhed  also  liy  the  ahsenco  of  any 
asexual  mode  of  sporo-formation,  and  hy  the  complicated  structure  of 
their  green  chromatophores. 
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1.  ZvGNKMACEAK.  —  In  this  family,  all  of  wliitli  iire  lilameiilous  ill 
character,  the  genua  Spiiw/yrii,  with  its  numerous  species,  is  the  beat 
known,  It  is  commonly  found  in  standing  water  forming  UD&ttached 
masses  of  iiitertangled  green  filaments.  The  filaments  exhibit  no  dis- 
tinction of  base  and  apex,  and  are  composed  of 
simple  rows  of  cells,  wliich  vary  in  length  in 
different  species.  Growth  results  iroia  the  divi- 
sion and  elongation  of  the  cells  in  one  direction 
only  (r/.  Fig,  65,  p.  64).  fkch  cell  has  a  iai^e 
nucleus  situated  either  in  the  peripheral  proto- 
plasm or  suspended  in  the  centre  of  the  cell  by 
protoplasmic  threads  extending  from  the  parietal 
protoplasm.  The  nanio  of  the  genus,  Spiroff^i, 
is  due  to  the  peculiar  spiral  form  of  its  green 
baud-like  chromatophores.  These  spiral  bands  lii< 
in  the  parieliil  protoplasm,  and  contain  numerous 
pyrenoids  (p.  71).  In  Fig.  235  is  represented  a 
species  with  three  such  spiral  chromatophores  ;  in 
other  species  their 
number  is  some- 
times less,  some- 
times more.  The  i 
chromatophores  in 
the  other  genera  of 
the  Zi/ffiiemareae  ex- 
hibit a  variety  of 
form  ;  thus,  in  the 
filaments  of  Zifp- 
nemii  the  chromato- 
phores are  star- 
shaped. 

""i^T^TTsJlZr^)  CONJUGATi..N,  in 

Jt,  niieloui;   •*,  ohro-    theCUSe  01  tipirii-r'fi". 

ni»iephon.:  p.    pr«-  jg  preceded  bv  tlu' 
'  development  of  cuii 

verging  lateral  processes  from  the  cells 
of  adjacent  filaments,  'UTien  two  pro- 
cesses from  opposite  cells  meet  (Fig. 
336,  A),  their  walls  become  absorbed  at 
the  point  of  contact,  and  the  whole 
protoplasmic  contents  of  one  cell,  after 
contracting  from  the  cell  wall,  passes 
through  the  canal  which  is  thus  formed  into  the  opposite  eelL  The 
protoplasm  and  nuclei  of  the  conjugating  protoplasts  then  fuse 
together  and  form  a  zygofl[X)re  invested  with  a  thick  wall,  and  filled 
with  fatty  substances  and  red  dish- brown  mucous  globides.      it  is  the 
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fiuictioii  of  the  zygospore  to  act  as  a  festiiig-apore,  to  tide  over  llie 
winter  or  a  period  of  drought,  and  eventually,  on  genuination,  to  give 
rise  to  a  new  filament  of  Spirop^/ra.  This  form  of  conjugation,  which 
is  th«  one  peculiar  to  most  species,  is  described  as  scalariform  (Pig. 
236,  ji),  as  distinct  from  the  lateral  conjugation  of  some  species,  in 
which  two  adjacent  cells  of  the  same  filament  conjugate  by  the 
development  of  coalescing  processes,  which  are  formed  near  their  tratis- 
verse  wall  (Fig.  236,  IS). 

2,  MasoCAiii'ACEAE. — Tbe  roprewnUitivca  of  thin  Tiunily  are  >lsu  compuscd  ol 
Gluucatuua  rows  of  crils,  but  vxhibic  a  difTcrcDce  in  their  mode  of  oaiyiigation. 
Id  tliia  cams  in  tbe  pruccas  of  coujiif;tLtioii,  which  is  either  nealarilbrm  or  UCenl, 
only  a  [wirtioD  uf  the  protupUsni  of  both  coujilgutiDK  protophmte,  together  with 
tbeir  nuclei  and  a  grctUr  put  of  their  cliromnitophtirHs,  |ia«9eii  into  thii  comieatiDg 
(■'■ual,  and  there,  fusing  iotu  a  zygospore,  liecomes  sc[iarati>d  from  the  parent  cells 
by  traiuverBD  waits. 

.'!,   In  the  DaajtioLM-EAK,  the  third  family  of  the  t'<..iju^i/nf,  ore  oonipriswl  the 


dltUkn  ,   ».  CVaiMriBW   Uelnli' :  C,   t!i«  w"'"  lui-noiil ;  K,  vwili-l-  Kith  ery.Ult. 

with  (ul1r.<l<-Tclo|i~l  rrK""!""  :  Hi  ilicmflina,  (<  340.) 

CruinuHlmU.    (kKiit  Rxun.) 

Dnlonular  rornM.  They  arc  omamcntMl  with  doUoato  markings,  anil,  like  thi 
Diahma,  exhibit  a  );mt  ruHcty  of  fonii  (Figs.  237, 238).  Their  cclU  arc  composed 
of  two  ayniuietriiTal  halvua,  separatixl,  a»  a  rule,  frum  each  other  by  ■  deep 
rotwtrioEiou,  the  isthmus.  Ku'h  half  contain*  a  large,  railiate,  irreguhirly 
detliiMl  chroma tnpliure,  or  a  number  uf  plate-Ukr  chroma tapboros  united  iuto 
one.  Within  the  ehmmatophores  are  disposed  HeTeral  pyrenoids,  while  Ih« 
noclaUH  Ucs  in  the  ceutre  of  the  cell  iu  the  conttrictiou.  The  eelU  themselves 
diapUy  •  great  divewity  of  form  and  exl«riud  Eonligiiration  (Figs.  257,  239).  The 
vkU  walla  are  rniqueutly  beset  with  wart-  or  born. like  protuberances.  In  aome 
gaaura  there  is  no  constriction  between  the  two  halves  of  the  cell,  This  is  tlie 
oaa*,  for  instance,  in  the  ure«cuul.shsiK>d  ClmltriHin  laonUi/trum  (Fig.  238),  whose 
two  ehromalophorm  cooalst  of  six  elougatud  plates,  united  in  the  long  axis  of  the 
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plant,  while  in  each  end  of  the  cell  there  is  a  small  vacuole  containing  minute 
crystals  of  gypsimi  in  constant  motion.  Many  Desmids  are  characterised  by 
heliotactic  movements  ;  they  protrude  fine  mucilaginous  threads  through  the  cell 
walls,  by  means  of  which  they  can  push  themselves  along,  and  take  up  a  position 
in  a  line  with  the  direction  of  the  incident  rays  of  light. 

Multiplication  is  effected  by  cell  division.  This  is  accomplished  by  the  forma- 
tion of  a  ^mrtition  wall  across  the  middle  of,  the  cell  after  the  nuclear  division  is 
completed.  Each  daughter  cell  eventually  attains  the  size  and  form  of  the  mother 
cell,  by  the  outgrowth  of  a  new  half  on  the  side  towards  the  new  division  wall  (Fig. 
237,  A).  After  the  completion  of  their  growth,  the  two  cells  sejiarate  from  each 
other. 

The  conjugation  of  the  protoplasts  takes  place,  in  the  case  of  the  Desmidiaceaef 
outside  their  cell  walls.  Two  cells  approach  each  other,  and  surround  them- 
selves with  a  mucilaginous  envelope.  Their  cell  walls  rupture  at  the  constriction, 
and  parting  in  half  allow  the  protoplasts  to  escape,  which  then  unite  to  form  a 
zygosi)ore.  The  zygospores  of  the  Dcsmidiaceae  frequently  present  a  very  character- 
istic appearance,  as  their  walls  are  often  beset  with  spines  (Fig.  237,  C).  The  four 
empty  cell  halves  may  be  seen  close  to  the  spore. 


Class  VI 
Chlorophyceae  (Green  Algae) 

In  the  Chlorojfhf/ceae  are  included  the  majority  of  the  Algae  pro- 
vided with  green  chromatophores.  They  group  themselves  naturally 
into  three  orders,  according  to  the  structure  of  the  thallus :  the  Froio- 
coccoUaie,  which  include  all  the  unicellular  forms,  whether  living  as 
isolated  cells  or  as  cell  colonies ;  the  Confervoideae^  comprising  forms 
consisting  of  simple  or  branched  cell  filaments  or  cell  surfaces ;  the 
SiphoMaCy  with  a  thallus  variously  developed,  but  usually  consisting  of 
a  single,  multinuclear,  tubular  cell. 

Sexual  reproduction  has  not  been  demonstrated  for  all  species  of 
the  Chlorophiiceae.  In  the  simplest  cases  it  is  efiected  by  the  conjuga- 
tion of  naked  gametes,  of  similar  form  and  equal  size.  The  gametes, 
as  distinct  from  those  of  the  Conjugatae,  are  motile  ciliated  protoplasts, 
and  are  known  as  Planogametes.  In  other  genera  there  is  a  differ- 
entiation of  the  sexual  cells  into  a  female  non- motile  egg-cell  or 
OOSPHERE  and  a  motile  ciliated  male  cell  or  spermatozoid.  Examples 
of  this  advance  from  ISOGAMY  to  OOGAMY  are  afforded  by  each  of  the 
above  thre«  orders. 

In  addition  to  asexual  reproduction,  the  Chlorophyceae  almost 
always  exhibit  an  asexual  mode  of  reproduction  by  the  formation  of 
motile  ciliated  swarm-spores  (zoospores)  which  resemble  the  piano- 
gametes. 

The  cells  in  which  the  swarm-sjiores  are  formed  are  termed 
SPORANGIA ;  similarly  those  producing  gametes  are  designated  game- 
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TANGIA.  Cells  in  which  spermatozoids  .take  their  origin  are  termed 
ANTHERIDIA;  those  giving  rise  to  egg-cells,  OOGONIA.  If  the  sexual 
form  be  derived  from  an  asexual  form  of  reproduction,  all  these  organs, 
as  well  as  those  similariy  named  in  the  other  classes  of  the  Thallophytes, 
must  be  regarded  as  homologous. 

The  Conju4jatae  and  Characeae,  as  well  as  the  three  orders  of  the  ChlorophyceaCf 
also  possess  green  chromatophores,  and  hence  tlie  designation  Green  Algae,  in  its 
widest,  unrestricted  sense,  is  also  applicable  to  them.  The  Conjugaiac,  however, 
are  sharply  characterised  by  their  peculiar  manner  of  sexual  reproduction.  The 
Characeae  also  fonu  a  distinct  group,  and  are  marked  otf  from  the  Chlorophyceae 
by  the  more  highly  advanced  segmentation  of  their  thallus  and  the  more  compli- 
cated structure  of  the  female  sexual  organs  and  of  the  antheridia,  both  of  which 
are  enclosed  within  sj^ecial  enveloping  receptacles,  while  the  antheridia  and  oogonia 
of  the  Chlorujihyceae  are  always  devoid  of  any  external  covering  of  sheathing 
sterile  cells. 

Order  1.  Protococcoideae 

The  Protococcoideae  include  only  unicellular  Algae,  whose  cells  lead  a 
separate  existence,  or  are  united  into  cell  families  with  a  definite  or  in- 
definite order  of  arrangement.  They  occur,  for  the  most  j)art,  as  freely- 
swimming,  fresh-water  forms,  but  are  also  found  in  damp  places.  The 
cells  are  uninuclear,  and  contain  one  or  more  chromatophores.  In  the 
simpler  forms  multiplication  takes  place  vegetatively  by  cell  division  ; 
but,  in  most  cases,  asexual  swarm-spores,  provided  with  two  cilia,  are 
produced.  Sexual  reproduction,  which  does  not  occur  in  all  genera, 
is  eflfected  by  the  conjugation  of  two  exactly  similar  planogametes 
which  fuse  into  a  zygospore  or  zygote.  The  fertilisation  of  an 
egg  by  a  motile  s|)ermatozoid  is  only  known  to  take  place  in  the  case 
of  Evdorituf  and  J^olvoj". 

Many  of  the  Protococcoideae  are  polymorphous,  and  assume,  according  to  the 
season  of  the  year  and  the  conditions  of  their  environment,  different  external  forms 
com-sixmding  to  dillenmt  stages  in  their  dev.elopnu-nt. 

Sctnclcsiaus  ucutuSj  a  ])olymorphous  free-swimming  form,  very  common  every- 
where in  water,  is  gener- 
ally found  in  small  cell- 
families,  consisting  of 
four  hpindle-Hhai>ed  cells 
lying  close  together  (Fig. 
2:J9,  I,  l).  Untler  certain 
conditions,  however,  this 
Alga  passes  into  the  Pal- 
niella  stage,  and  it  tlien 
appears  as  spherical  <:ells, 
multiplying  by  cell  divi- 
sion (a,  b).  Each  of  these 
cells  may  again  divi<le 
into  four  spindle-shaped 
cells,  which,  after  escaping  from  the  mother  cell,  either  remain  isolated  (c,  rf,  e) 


Fui.  230.~'*>i:i:^ii€'lffiiiiijs  (irutu.-^.     Dittereiit  Ntajjes  of  developineiil. 

(Afler  Chodat.) 


polygonal  cells,  und  on  the  iiiargia  it  ci 


OTCoiinectcil  togetlier  hy  Rne  tlircads  (Dactylococcus  stage,  Fig.  239,  ij).  Bj  the  longi- 
tudinal division  of  Clie  cells  of  tlicsc  forms  tlic  four-celled  Sctnedctnins  family  may 
■gain  be  prmluced  (/,  b,  i,  k).  No  formation  of  swarm-sporea  occurs  in  thia  Algs. 
One  of  the  simplest  forms  of  this  order  is  represeated  by  the  genus  Chlorcllti,  which 
multijiliea  solely  by  cell  Uiviaiutl.  Thia  genus  is  larticularly  iiitereiiting  also  from  a 
biological  standpoint,  as  its  small  round  cells  live  symbiotically  in  the  plasma  of /h/h- 
laria,  in  the  cella  of  Hydra,  viridit,  Spongilla  fiuvialilia,  and  other  lower  animals. 

Pedia^rttm  (Fig.  240)  may  be  cited  as  all  example  of  a  genus  which  givca  rise  to 
cell -families.  Kach  cell-family  forms  a  Iree-Bwimming  plate,  composed  internally  of 
lists  of  cells  more  or  less  acutely  crcnated. 
Tl  e  formation  of  aee\ual  i>Harm  sjiores  s 
effected  in  Faliastr  i  by  the  dii  Hion 
ot  the  continta  of  a  cell  into  a  numlnr  {tn 
the  case  of  the  S]>ecica  ill  istrated  I 
granulaluit  mt  lb)  of  naked  swarm 
Hi«rca  each  w  itl  l\  o  Cilia  Tl  e  swan 
s[)oreH  on  iscq  ig  tl  rough  tie  ru[  tur  1 
cell  nail  (Fig  2-10  4  b)  are  enclosed  in 
a  common  envelo]>e  After  hrst  nio\iiig 
vigorously  aboit  within  tl  is  envelojie 
they  eventuall)  collect  together  anl  form 
a  ne»  cell  lumily  Prdtatlrum  [HBue'ses 
also  an  ase\i  u!  mode  of  r(]roductim 
The  gam  tet  art  all  of  e-iual  nze  anl 
except  that  thij  are  smaller  and  are  ]  n. 
duce^  in  great<r  uniiibi.r«  thiyar  othir 
wise  ''llnllar  to  the  suDmis|ioni<  Tlirj 
.  move  fre<l}  ab  ut  in  tit  watir  and  in 
couj  Igating  ruao  in  ]>air-(  1  fori  /^t,ot  ■< 
'  The  lirther  deMlojMiieiit  ot  thi  z\gol 
into  till  families  is  not  jet  t  illy  known 
In  th(  i>|ring  tit  cell  families  dev  loj 
fr>ni  [lecliliar  tlickualkl  -ii  iniftrolis  resting  cells  or  nil  viii-i  lit  thi  ontents 
of  u hich  HI [loratL  into  Hwami  sfiures  uhicl  i.<i(ji|h.  endos  d  in  a  common  ent  lojie 
and  gill  rise  to  a  nen  fniinl>  Tl  i  |iolyhedru  arc  irobablj  funi  ed  from  swarm 
s|ioresdn   lo|«.d  II    the  z)  gut  s 

The  r.'/roai.-cae  iDolude  also  forms  whose  cells  live  either  isolated  or  united  inln 


(Ann  Al.  Ub« 


l,i*w>(xlKKl)i    (C-tl 
colonies,  hut  which,  unlike  the  tyjiei 
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t  &l8o  |irovided  iii  tlitir  vegBtative  aUte  with  cilia  auJ  Buirouiided  by  a  d'lictUj 
envclojie.  Tiie  cilia,  unusll;  two  In  nutuber,  project  tlirough  this  extenial  envelope, 
Mid  bj  ineuiB  of  tUem  tilt'  Algati  of  this  bmil;r  ore  ennbled  to  swim  freely  about. 
In  this  res|tect  tliey  CDntinux  their  TegettitiTe  existeDoe  iu  that  coudition  which,  in 
tlie  cose  of  the  other  Proloiiiecoiiiaie,  is  only  &ssiimod  tranidtioaslly  by  the  swann- 
spons.  Ttie  multiplicatiDD  of  the  f'olvocaixat  is  eHectcd  by  aimple  division  of  the 
ciliated  c»IU ;  their bi'xusI  reproduction  by  conjugating  gametes  oi'  by  means  of  egg- 


K  HW).    (Afta  h.  Ki-iiiN, 


ccU«  brtillicd  by  apermatoioiila.  The  genus  Spkatrtlla  {Hatmatoeovra*)  belongs 
l4  th«  timplost  wlit«ry  forms  of  this  liuiily,  the  presence  of  Homo  furros  of  which 
(putitnihu'ly  S.  pttmaiU),  on  acuouut  of  the  luematochrome  coutjunud  in  tlicir 
pNtopluTO,  often  impart  a  bright  red  eolonr  to  anull  pools  of  water  in  whioh  thty 
ar«  (bund.  Sphaerrlla  nitalit,  another  species  of  this  sumv  genua,  is  iJso  the  cause 
of  the  so-called  "red-euow  "  of  the  suowflelds  in  high  northern  latitudes  and  in  the 
Alps.  The  iwarui'Cells  )i«v«  a  widely-distended  envelope  and  two  cilia  {Fig.  341, 
A).  They  can  withdraw  their  cilia  and  become  resting. cells,  which  eventually 
•eparate  again  into  aeversi  swarni-i'i'lls  liy  the  division  of  their  protoplasmic  < 
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(B).  The  gametes,  which  may  be  produced  in  large  numbers  (32  or  64)  in  every 
cell  ((7),  possess  two  delicate  cilia,  a  red  eye-spot,  and  a  chromatophore.  After 
swarming,  the  gametes  conjugate  in  pairs  {E)  and  give  rise  to  zygotes  {F).  The 
zygotes  become  invested  with  a  thick  wall,  and  serve  as  resting-spores  (O).  "While 
the  gametes  of  Sphaerclla  and  of  most  other  Volvocaceae  are  similar  and  of  equal 
size,  in  the  case  of  Evdorina  and  Volvox,  which  may  also  be  considered  as  the 
most  highly-developed  forms  of  the  whole  order,  the  sexual  cells  are  more  difler- 
entiated,  and  assume  the  form  of  largo  passive  egg-cells  and  small  biciliatesperma- 
tozoids.  The  genus  Volvox^  as  represented  by  the  species  V.  globator  and  l". 
aureus  {V.  minor\  found  in  small  pools  and  ditches,  forms  hollow,  spherical 
colonies  (ccBUobia),  which  are  often  large  enough  to  be  visible  to  the  naked  eye. 
The  colonies  are  composed  of  numerous  cells  (up  to  22,000),  regularly  distributed 
in  a  peripheral  layer.  .  The  cells  are  connected  laterally  with  each  other  by  proto- 
plasmic threads,  usually  six  in  number,  which  extend  through  their  distended  cell 
walls  (Fig.  242,  A)^  and  from  each  cell  two  delicate  cilia  are  given  off  externally. 
The  Volvox  colonies  multiply  vegetatively  by  the  formation  and  final  escape  of  new 
daughter  colonies,  resulting  from  the  division  of  a  single  cell  {Ay  t).  Spermatozoids 
and  egg-cells  are  produced  either  in  the  same  or  different  colonies.  The  spermato- 
zoids arise  through  the  division  of  special  cells  (so-called  antheridia)  into  numerous 
daughter  cells,  which  eventually  form  tabular  packets  of  elongated  spermatozoids 
{By  C).  The  anterior  extremity  of  the  spermatozoids  of  Volvox  aureus  is  colourless, 
and  terminates  in  two  cilia ;  in  their  opposite,  |K)sterior  end  the  spermatozoids 
contain  a  bright  green  chromatophore.  In  the  anterior  portion  there  are  a  lateral 
red  eye-spot,  two  contractile  vacuoles,  and  a  cell-nucleus  (/>).  The  egg-cells  are 
produced  by  the  enlargement  of  individual  cells  of  the  colony.  They  are  large 
and  green,  non-motile,  and  surrounded  by  a  gelatinous  enveloi)e  {A,  a).  After 
fertilisation  by  the  spermatozoids,  which,  in  swarming,  escape  into  the  interior  of 
the  hollow  8j>lierieal  colony,  they  become  transformed  into  firm -walled  resting 
oospores,  which  on  germination  gives  rise  to  a  new  colony.  The  mother  colony 
dies  after  the  egg-cells  have  reached  maturity. 

Order  2.  Confervoideae 

The  Conferroideiic  exhibit,  as  comi)ared  with  the  unicellular  Pro/o- 
coccoid^aty  an  advance  in  the  external  segmentation  of  the  thallus.  It 
is  always  multicellular,  and,  in  most  of  the  genera,  consists  of  simple 
or  branched  filaments.  The  thallus  of  the  marine  genus  Ulva  (Uliyi 
ladtica,  SEA  lettuce)  has,  however,  the  form  of  a  large,  leaf-like  cell 
surface  (Fig.  5,  p.  1 2).  Although  a  greater  jKirt  of  the  Confervoideue  live 
in  fresh  or  salt  water,  where  they  are  found  either  free-swimming  or 
attached  to  some  substratum  by  a  colourless  basal  root-cell,  a  few 
aerial  forms  (Chroolepideae)  grow  on  stones,  trunks  of  trees,  and,  in  the 
tropics,  on  leaves.  To  this  family  belongs  the  aerial  Alga  Treniepohlin 
(or  Chroolepvs)  Jolithus,  often  found  growing  on  stones  in  mountainous 
regions.  The  cell  filaments  of  this  species  appear  red  on  account  of 
the  haimatochrome  they  contain,  and  jwssess  a  violet-like  odour. 

The  asexual  reproduction  of  the  Confervoideae  is  accomplished  by 
the  formation  of  ciliated  swarm-spores,  although  in  many  cases  they 
may  also  develop  resistant  resting-spores. 
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Sexual  reproduction  is  effected  either  by  the  fusion  of  piano- 
gametes  (p.  319),  or  the  sexual  cells  are  differentiated  as  non-motile 
egg-cells  and  motile  aiwrmatozoida. 

Utothrix  zonala,  aluioat  everywhere  abundant  in  fresli  water,  maj  nerve  as  a  type 
of  the  isogamoila  Cun/eniiidtae.  The  tilameutB  of  Ulothrix  exhibit  no  pronounced 
apical  growth  ;  they  are  unbranched,  attached  by  a  rtiiioid  cell,  and  consbt  of  single 
rows  of  abort  cells  (Fig.   2^3,  A).  ^, 

Each  celi  contains  a  nucleus  and  one 
band-shaped,  green  cljroinatophore 
in  the  form  of  au  almost  complete 
hoi  low   cylinder.      Asexual    repru- 
dllction    is   effected    by   means   of 
Hwaim  -  spores    (1-8),    which    have 
Tour  cilia  (C)>  and  are  formed  by 
division  in  any  c<-ll  of  the  fltameut. 
The  swarm  -  spores  escajic   through 
a  lateral   oiieniog  (fl)   formed    by 
absorption  of  the  cell   wall,   and, 
after  swarniiiig,   give   rise    to    uev.- 
GLuneuts.     The  sexual  swami-ci'llH, 
or  planogametes,  aru  formed  in  a 
nimilar  manner  by  the  division  of 
the   cells,    hut    in    much    greater 
numheM.     They   arc  also  smaller, 
sod  jHMSvss  only  two  cilia.    In  otlier 
respectH  tliey  re^tenilile  the  Mwami- 
Kporcs,  and  possesH  a  red  eye-s]iot 
and  ouc  chroinatophflrc.      I)y   the 
conjugation  of  the  piatiogamuti's  in 
lairs,  zygotes  {F-lfj  are  produced, 
which,  alter  drawing  iti  thi-ir  cilia, 
round  themselves  off  and   iKcomc 
invested   with  a  cell  wall.     After 
a  shorter  or  longer  jieriod  of  rest 
the  zygotes  are  converted  into  uni- 
cellular germ  planLs  {Jj,  uiirl  give 
rise  to  several   swann-si-on-s  {K), 
wliicli  in  turn  grow  out  into  new 
filaments.     UluthrLe,  like  many  tiU- 
mentouH   Algae,   i«sse!i   into  a  so-        n 
called   Palmella    stage,    in    whicli,        <^' 
under  certain  couditionh,  the  se|>a-         * 
rate  cells  of  the  tilaiui'tits  give  rise  liy 
divisioD  to  ciiluuii's  of  celts.     The  Individ 
lieen  mistaken  for  HjHxies  <>(  PralvtiKXtiulf 
is  formed  the  coiutnon  I'UvriKuccut  vahjii. 
the  trunks  uf  trees,  and  eousists  of  roi 
wliieh,  however,  thf  formation  r.f  swam 
of  adaptation  to  an  aerial  Mnile  of  t'visti'iice.     In  its  uii 
ing  to  CHi>u.\T,  the  cells  are  round,  and  multiply  by  dii 
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iaolntcd  or  thej  may  be  united  iu  groups  of  two  or  morn  ;  l>ut  nndeT  some  droniii- 
stances  they  produce  short,  branched  cell  GlameHts. 

Ctadopkora  is  a  genus  comprising  numerous  npecica,  including  Cladophara  glom- 
erata,  B  form  a pnn&lly  abundant  in  rivers.  It  uoniuEts  of  bnnched  Ghunents  uf  lung 
cells,  growing  in  tufts  attached  to  n  support,  and  exhibitiDg  well-marked  apii^ 
growth  (Fig.  6,  p.  12).  The  relle,  unlike  those  of  Uhtkrix,  are  multinuclear, 
contain  also  numerous  polygonal,  closely-crowded  cbroinatophores  (Fig.  60,  p-  b9\. 
By  tbu  prutruBion  and  elongation  of  lateral  outgrowths  From  the  cells  jiut  below 
their  upper  traaaverse  walla,  tbe  filaments  become  extensively  branched  ;  while,  in 
addition  to  their  aiiical  growth,  they  iucreass  in  length  also  by  the  division  of  tlw 
cells  and  the  formation  of  new  transverse  walls  (Fig.  66,  p.  64).  The  swsmt-sporag 
iif  this  species  are  hieiliate  (Fig.  241),  and  are  formed  in  large  numbers  in  the  csUa 
at  the  tips  of  the  branches,  from  which  they  escape  through  au  o|ieniiig  in  the  upper- 
I'li'i  of  the  lateral  wall.     Having  completed  their  swarming,  thi-y  become  invi 


with  a  cell  wall,  and,  after  a  jieriod  of  rest,  they  eventually  grow  out  into  anaw  o«Qf 
filament.  In  other  species  of  Cladophara,  smaller,  sexual  swarm-spores  have  alaai 
been  observed  which,  as  iu  the  ease  of  UlvlliTtr,  Fuse  together  in  pairs  in  tbe  pro- 
cess of  conjugation. 

The  genera  Otdagontum  and  Bvlbochacit  may  he  ijuoted  an  exampleti  of  oogamoiH 
Conferroidtar.  While  tlie  tliullus  of  the  latter  is  branched,  the  uumoroni 
specivs  of  OeilOf/iiiiiMm  consist  of  unbranched  fdamenls,  eacU  cell  of  whiol 
possessES  one  nucleus  and  a  single  parietal  cliromatophore  composed  of  uuinMiW 
united  bands.  The  asexual  swarm-spores  of  Ordogoaiam  are  unusually  Iwga  talj 
liave  a  cirulet  uf  cilia  around  their  colourless  onteriol  extremity  (Fig.  246,  IS).  Ik 
this  case  the  n  warm -spores  are  formed  singly,  trom  the  whole  content*  of  UH* 
■ingle  cell  of  the  filament  (A),  and  escape  hy  the  rupture  of  the  cell  wall.  Tot  th> 
purpose  of  sexual  reproduction,  on  the  other  hanJ,  s[>ecial  cells  become  swoUl 
and  difTerentiatud  into  barrel ■  shaped  oogonia.  A  single  large  egg-cell  witli  4- 
colourless  receptive  spot  is  formed  iu  uach  oogonium  by  the  coolraotion  of  it 
protoplasm,  while  the  wall  of  the  oogonium  becomes  purforattHJ  liy  an  opening  ■ 
a  point  opposite  the  recegilive  spot  of  the  egg.  At  the  same  time,  other,  g«n«( 
ally  shorter,  cells  of  the  same  or  aaother  lllament  become  converted  into  antjundi^r 


SECT.  I  CRYPTOGAMS  325 

Each  Bntheridiuni  gives  rise  eitlipr  to  one  or,  aa  is  more  generally  the  ease,  to  two 

spennatozoidB.      The  !ii>ennatozoidd  are  smaller  tlisD  tlie  asexual  awanii-sjioreii, 

but  have  a  similar  circlet  of  cilju.     Tlie;  jieuetrate  the  oiieniug  iu  tlie  oogouium 

■nd  fuse  with  the  egg-cell,  which  then  becomes 

transformed  into  a  large,  firm-walled  oospore.     On 

the  germination  of  the  ooa|iore  its  contenta  become 

divided  into  four  avarm  spores  eauh  of  nlnch  ^i>es 

rise  to  a  new  cell  filament      In  the  adjoining  lignre 

(Fig.  216)  a  germinating   oosjiore   of  Butbochnete 

with  four  swarm  siiorcs  is  re|iTeaunted 

In  some  species  of  Otduijuuiuin  tlie  ])rocess  of 
sexual  re]iroduction  is  more  complicated,  and  the 
Kpennatoftiids  are  produied  in  so  called  iiwAl  f 
NALKs.  These  are  short  hlaments  (Fig  245,  C  n) 
eoDsisting  ofhut  feu  cells  and  are  de\elo]i«d  from  F>"  - 
aae:iual  swomi  simres  (wiiHoiriiutu)  which,  aft(r 
swarming,  attach  tin. m sell  en  to  the  fimah  hlu 
ments,  or  e%en  to  the  oogouia  In  the  up|>er  cells 
of  the  dwarf  niak  filaments  thus  deiiiei]  from  the 

■ndrosporex,  s|iermatozoids  an  prodnicd  which  an  set  trte  l>j  the  o])emiig  of  a 
cap-ljke  lid  (Fig  245,  D,  a)  Iu  const  qui  net  ol  the  greater  loiiipliiation  iii  the 
process  of  their  niual  reproduction  tht  oogamous  CuH/crruirffd'- are  comidired  to 
represent  a  highir  stugL  of  di\i.lopmint  thun  tliL  isogamous  lorms 

Order  3.  Slphoneae 

The  Siphoiime  are  distinguished  not  only  from  the  Chio  jhy  a 
but  from  all  other  Algae  by  the  structure  of  their  thallua  wh  ch 
although  more' or  less  profusely  branched,  is  usually  comiwacd  of  but 
one  cell,  or  if  it  is  multicellular,  each  cell  contaius  several  nucle  In 
the  first  case,  the  cell  wall  encloses  a  single  [>rot<)iitasmic  mass  tl  e 
peripheral  portions  of  which  are  embe<lded  the  iiianynuclei  and  morous 
small  green  chromatophores.  In  the  class  of  the  Ilffphui  /  et  the 
Phyf.omyretes,  or  Algal  Fungi,  exhibit  the  same  characteristic  stru  tu  e 
and  may  be  regarded  as  jirobably  deriveil  from  the  Siphanea 

The  Siphoneaf  comprise  about  forty  genera,  which,  however  do  not 
include  a  great  number  of  species.  They  live  for  the  moat  pa  t  n 
salt-water,  although  the  species  of  Vinielu-nu  thrive  in  fresh  water  or 
are  found  as  terrestrial  Algae,  growing  on  damp  soil.  Butri/dium  is 
also  terrestrial,  while  some  forms  of  the  Si/'hmiem  are  endophytic,  and 
live  in  the  leaves  of  the  higher  plants. 

Hexual  reproduction  has  advanced  to  oogamy  only  in  the  genus 
Viiudteria ;  in  other  instances  it  is  isogamoiis  and  the  conjugating 
gametes  arc  alike  in  form  and  size. 

The  aiinplest  form  of  the  Xiplioiienf  is  re[ireseiiteii  by  Bi/tnjdium,  to  wliich  genus 
belongs  the  cosmoi>olitiin  »]iet'irs  Ilolrydiain  ijtHHvhtivm.  This  Alga  grows  on 
damp  clayey  soil,  where  it  forms  groujis  of  green,  lialloon-3ha|>e(l  vesicles  about  two 
inillimetres  in  breadth.  Tlic  vesicles  are  attached  to  the  ground  by  prolongations 
from  the  base,  in  the  form  of  a  hrauchiiig  system  of  Hlamentous  rhizoids  devoid  of 


ohromatophores  (Fig.  247,  A).  The  cell  walla  of  the  vesicle  aud  rhizoidB  of  pscli 
individual  encloae  but  one  protoplast.  Miilti]>licatioii  may  take  place  vegetati 
by  budding,  resulting  in  the  outgrowth  of  a  new  vo.iicle  from  the  aerial  porti 
the  thallua.  After  enlarging  considerably  in  size  and  sending  down  rhizoids  int' 
the  substratiun,  the  young  plantlet  isolates  itself  from  the  mother  vesicle  by  i 
new  cell  wall.  Asexual  reproduction  is  provided  for  by  the  formation  of  awarm 
spores.  In  this  process  the  whole  plant  becomes  converted  into  a  single  sporangiun 
by  the  division  of  its  protoplasmic  contents  into  numerous  swarm-spores,  which  maki 
their  escape  through  an  opening  at  the  apex.  Each  swarm-spore  has 
chroma  topi  lores,  but  only  a  single  cilium,  which  is  situated  at  its  anterior,  colourli 
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end  (Fig.  247,  B).  The  formation  of  Bwami-spores  occurs  only  when  the  thalhis  is 
covered  with  water.  After  coming  to  rest  the  heliotactic  swarmers  (p.  243)  invest 
themselves  with  a  cell  wall  and  give  rise  to  new  plantlets.  Sexual  reproduction 
may  alxo  oecnr.  For  this  purpose,  in  siimmiT  or  in  times  of  drought,  the  proto- 
plasm of  the  vesicles  becomes  broken  up  into  a  number  of  rounded  or  angular  non- 
motile  spores  or  .\Pl.ASoaAMET£S.  These  Bj)ori'3  may  remain  at  rest,  lierhaps  for  a 
jHTiod  of  a  year  or  more,  autil  supplied  with  vatvr,  when  numerous  umall  sexnal 
planognmeti'S  ((.',  n)  are  formed  from  their  contents.  These  jilanogametes  are  eaoh 
provided  with  two  cilia  and  a  red  eye-spot,  and,  by  canjiigating  in  pairs,  give  rise 
to  zygotes  (ft-/).  The  zygotes  round  tliemselvcs  off  and  germinatl^,  either  directly 
or  after  a  i*riod  of  rest.  The  plauogamctes  are  also  Iieliotactic.  Through  the  for- 
mation of  the  gametes  within  the  resistant  resthig-s])or>'s  the  latter  acquire  the 
character  of  gamet.ingia. 
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The  thallus  of  VaiicheriUy  the  only  oogamous  genus  of  the  SipJioneaCj  also  con- 
hists  of  a  single  cell  attached  to  the  substratum  by  means  of  colourless  rhizoids  ; 
but  its  aerial  portion,  unlike  that  of  Botrydium,  is  branched  and  filamentous. 

The  swarm-siK)res  of  Vandieria  are  developed  in  s])ecial  sporangia,  cut  off  from 
the  swollen  extremities  of  lateral  branches  by  means  of  transverse  walls  (Fig.  248, 
A-E).  The  whole  contents  of  such  a  sporangium  become  converted  into  a  single 
green  swarm-spore.  The  wall  of  the  sporangium  then  ruptures  at  the  apex,  and 
the  swarm-spore  rotating  on  its  longitudinal  axis  forces  its  way  through  the  open- 
ing. The  swarm-spore  {F)  is  so  large  as  to  be  visible  to  the  naked  eye,  and  contains 
numerous  nuclei  embedded  in  an  investing  layer  of  colourless  protoplasm.  It  is 
entirely  surrounded  with  a  fringe  of  cilia,  which  protrude  in  jxairs,  one  pair  opposite 
each  nucleus  ((?).  Mor[>hologically  the  swarm -spores  of  Vauchcria  correspond  to 
the  collective  individual  spores  oi Botrydium.  The  sexual  reproduction  of  Vaucheria 
is  not  effected  like  that  of  the  other  SiphoncaCj  by  the  conjugation  of  motile  gametes, 
from  which,  however,  as  the  earlier  form  of  rej)roduction,  it  may  be  considered  to 
have  been  derived.  The  oogonia  and 
antheridia  first  appear  as  small  protu- 
berances, which  grow  out  into  short 
lateral  branches  and  become  sej>arated 
by  means  of  septa  from  the  rest  of  the 
thallus  (Fig.  249,  o,  a).  At  first, 
according  to  Oltmanns,  the  rudi- 
ments of  an  oogonium  contain  numer- 
ous nuclei,  of  which  all  but  one,  the 
nucleus  of  the  future  egg-cell,  retreat 
again  into  the  main  filament  before 
the  formation  of  the  separative  septum. 
In  its  mature  condition  the  oogonium 
has  on  one  side  a  beak-like  projection 
containing  only  colourless  protoplasm, 
while  the  rest  of  the  oogonium  is  filled  with  numerous  chromatophores  and  oil 
globules.  The  apical  i>ortion  of  the  projection  becomes  mucilaginous,  and  is  finally 
ruptured  by  the  extrusion  of  a  colourless  drop  of  ]>rotoplasm  from  the  egg -cell 
which,  in  the  meantime,  has  been  formed  by  ,the  contraction  of  the  contents  of 
the  oogonium.  The  antheridia,  which  are  alsomultinuclear,  are  more  or  less  coiled 
('/),  and  open  at  the  tip  to  sot  free  their  slimy  contents,  which  breaks  up  into  a 
number  of  swarming  spennatozoids.  The  spoiniatozoids,  which  are  very  small 
and  entirely  devoid  of  chromatophores,  consist  chiefly  of  nuclear  substance.  They 
collect  around  the  receptive]- spot  of  the  egg -cell,  into  which  one  spermatozoid 
finally  penetrates.  After  the  egg -cell  has  been  fertilised  by  the  fusion  of  its 
nucleus  with  that  of  the  s])ermatozoid,  it  becomes  invested  with  a  wall  and  con- 
verted into  a  resting  oospore. 

The  marine  Sijihoncar,  on  account  of  the  more  comiilicated  segmentation  of  their 
thallus,  afford  one  of  the  most  interesting  tyi»es  of  algal  development.  The  genus 
Cauicrjm,  represented  by  many  species  inhabiting  the  warmer  water  of  the  ocean, 
has  a  thick,  creeping  main  axis  or  stem.  Increasing  in  length  by  apical  growth, 
the  stem-like  portion  of  the  thallus  gives  off  from  its  under  surface  profusely 
branched  colourless  rliizoids,  wliile,  from  its  upj>er  side,  it  ]>roduces  green  thalloid 
segments  which  vary  in  shape  in  the  different  species.  In  Caul *- rpa pndif era  (Fig. 
'-^r»0)  these  oiitgrowtlis  are  leaf-like,  are  fre<j[iiently  proliferous,  and  have  only  a 
limited  growth.    In  other  species  they  are  pinnat«*ly  lob«"d  or  branched.    The  whole 


Fig.  249. — Vnnchrria  senilis.  Portion  of  a  filament 
with  an  oogonium,  o ;  antheridium,  a  ;  ffc,  chro- 
niatopltore.s ;  n,  cell  nuclei ;  o/,  oil  globules. 
(x240.) 
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tliallus,  however  branched  and  segmented  it  may  be,  encloses  but  one  cell-cavity, 
which  is,  however,  often  traversed  by  a  network  of  cross-supports  or  trabeculae. 

The  thallus  of  Codiunif  also  a  marine  form,  consists  at  first  of  a  single  cell,  but 
in  time  develops  lateral  outgrowths  which  become  thickly  intertwined  and  cut  off 
by  transverse  walls.  In  the  case  of  Codium  Bursa^  the  vegetative  body  thus 
formed  has  the  shape  of  a  hollow  sphere,  while  the  thallus  of  Codium  tovientosum 
is  cylindrical  and  dichotomously  branched.  The  genus  BryopsiSy  on  the  other  hand, 
has  a  delicate,  pinnately-branched  thallus.     Although  originally  unicellular,  the 


Fio.  250.  —  Caulerjm  prolifern.  The  shade*!  lines  on  tho 
thallus  leaves  indicate  the  currents  of  protoplasmic  move- 
ment ;  a,  growing  a]>ex  of  the  thallus  axis  ;  h,  ?;,  young 
thallus  lobes  ;  r,  rhizoitis.    (i  nat.  size.) 


Fui.  '2h\. — Acftahuhirin  mciti- 
terranid.    (Nat.  size.) 


thallus  develops  lateral  tubular  branches  that  eventually  become  septated  from  it 
by  the  formation  of  transverse  walls. 

Other  marine  Siphotieae  become  encrusted  with  calcium  oxalate  and  calcium 
carbonate,  and  bear  a  resemblance  to  coral,  c.y.  Halhacda  Ojmniiay  which  resembles 
Opuntia  on  a  small  scale.  Acdabularia  ineditcrrancaf  also  one  of  the  calcareous 
Siphoncae,  has  a  stalked  umbrella-like  thallus  (Fig.  251)  attached  firmly  to  the 
substratum  by  means  of  rhizoids.  The  disc  consists  of  a  number  of  closely -crowded 
tubular  outgrowths  radiating  from  the  tip  of  the  stalks,  in  which  are  developed  the 
non-motile  spores,  the  .so-called  aplanospores.  These  are  liberated  when  the  disc 
falls  to  pieces,  and  form  gametangia  (as  in  Botrydiam)  ;  and  in  the  latter  piano- 
gametes  are  developed,  which  conjugate  in  })airs. 
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Phaeophyceae  (Brown  Algae) 

With  exception  of  a  very  few  fresh-water  speeiea,  the  Phieopkyrmf. 
are  ooly  found  in  salt-water.  Tliey  itidude  over  1  CO  genera,  are  all 
fixed,  and  attain  their  highest  development  in  the  colder  waters  of 
the  ocean.  They  show  great  diversity  in  the  form  and  structure  of 
their  vegetative  Ixxly.  The  simplest  representatives  of  this  class  {e.g. 
the  genus  Ecioairpus)  closely  resemhlo  the  Conferroideiif,  in  having  a 
filamentous  thallua  consisting  of  a  branched  or  uiibranched  row  of 
umple  cells.  Some  PluKophi/eeae,  again,  have  a  cylindrical,  copiously 
branched,  multicellular  thallus  (e.(?,  Chdoslfjihus,  whose  main  axes  are 
thickly  beset  with  short  multicellular  branches,  Fig.  7,  p.  12) ;  while 
ill  other  eases  the  multicellulai-  thallus 
is  l>aiid  -  shajjed  and  dichotomously  ' 
branched  (f.ff.  IHdijoUi,  Fig.  8,  p.  13). 
Growth  in  length  in  both  of  these  forms 
ensues  from  the  division  of  a  large 
apical  cell  (Fig.  7,  p.  12;  Fig.  IHO,  p. 
148),  Other  species,  again,  are  charac- 
terised by  disc-shaped  or  globose  thalli. 

The  hinnna,-utcme  and  Fnnwae  in- 
dude  the  moat  highly-developed  forms 
of  the  Pkaeophiicau.  To  the  first  fiiiiiili- 
belongs  the  genus  Liiminari'i  fi>iiii<l 
in  the  oceans  of  nurtlieni  latitml'-. 
The  large-etalked  thallus  of  the  I.ami- 
nariaa  resembles  an  immense  leaf ;  it 
is  ntUched  to  the  substratum  by  means 
of  hrtinched,  root-like  hold-fasts,  devel- 
oped fi'om  the  base  of  the  stalk. 

In  the  case  of  the  Litv»nariii  digilatti 
(Fig.  252),  and  similarly  in  other  species, 
\  at  the  base  of  the  palmately 
divided  leaf-like  exiMnsion  of  the  thallus 
retUDs  its  meristematic  character,  and 
by  its  intercalary  growth  produces  a 
succession  of  new  laminae.  Each  older 
lamina  becomes  pushed  up  and  gradu-  I 
ally  diss,  while  a  new  one  takes  its 
place  and  becomes  in  turn  palmately 
divided  by  longitudinal  slits.     The  large  i 

characteristic  of  the  Laminarias  :  L.  Miediariwi  (North  Sea),  for  iuatanco, 
is  frequently  3  m.  long  and  the  stalk  more  than  1  cm.  thick. 


1  of  their  thalli  is  also 


The  greatest  dimensions  attained  by  any  of  the  Phaeopkyeeue  are 
exhibited  by  certain  of  the  Antarctic  Laminariaceae.  Of  these, 
MacTocyslh  pyrifera  is  not«d  for  its  gigantic  size ;  rising  obliquely 
upwards  to  the  surface  of  the  water  from  the  sloping  sides  of 
elevations  in  the  ocean  bed  ;  its  floating  thallus  has  a  length  of  200 
to  300  m.  AVith  the  exception  of  a  naked  lower  portion  this  bears 
numerous  long  pendent  lobes,  each  of  which  is  provided  at  the  base  with 
a  large  bladder-like  float  filled  with  air.  Even  more  remarkable,  on 
account  of  their  tree-like  character,  are  the  Antarctic  species  of  Lessonia, 
in  which  the  main  axis  is  as  thick  as  a  man's  arm ;  from  it  are  given 
otT  lateral  branches  with  hanging  leaf-like  segments.  The  plant  attains 
a  height  of  several  metres,  and  has  a  tree-like  habit  of  growth. 

The  Fuea-ceae,  although  relatively  large,  do  not  com])are  with  the 
LamiiuiTiareae  in  size.  As  examples  of  well-known  forms  of  this 
order  may  be  cited  Fucus  vesici^wiis 
{Fig.  253,  /)),  which  has  a  band-shaped, 
dichotomously  branching  thallus  with 
air-bladders,  and  Funis  pMycarpvs 
vithout  bladders.  Both  species  are 
fastened  to  the  substratum  by  discoid 
hold-fasts,  and  growing  sometimes 
over  1  metre  long,  are  found  cover- 
ing extended  areas  of  the  littoral 
region  of  tlie  sea-coast,  ■'limgaasum, 
a  related  genus  chiefly  inhabiting 
tropical  oceans,  surpasses  the  other 
brown  sea-weeds  and  even  all  other 
Algae  in  the  segmentation  of  its 
thallus,  and  in  this  respect  it  bears 
a  close  resemblance  to  the  higher 
plants.  The  ,  thallus  of  Sarfjasfmm 
shows  in  fact  a  distinction  into  slender 
branched  cylindrical  axes  with  lateral 
outgrowths,  which,  according  to  their 
function,  are  diflerentiated  as  foliage,  bracteal,  or  fertile  segments  or 
as  air-bladders.  Various  species  of  Snrffitssum  which  have  been  swept 
away  from  the  coast  by  currents,  finally  collect  in  large  floating  masses 
in  quiet  regions  of  the  ocean  (Sargasso  Sea),  •^•iriiassum  bafci/erum  is 
carried  even  to  the  coast  of  Europe. 

The  cells  of  the  Pbaeophyceae  have  usually  but  one  nucleiis.  They 
are  supplied  with  a  larger  or  smaller  number  (if  chromatophores, 
which,  in  addition  to  chlorophyll,  contain  a  brown  pigment,  PHVCO- 
PH,«iN,  which  imparts  to  the  Algae  a  yellowish -brown  or  dark 
brown  colour.  Many  Phawphyi-pne  produce  and  store  up  a  fatty  sub- 
stance in  the  place  of  starch.  Among  the  more  highly-developed  forms 
the  thallus  exhibits  a  fairly  highly  differentiate*!  anatomical  structure. 
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The  outer  cell  layers,  as  a  rule,  function  aa  an  assimilatory  tissue, 
the  inner  cells  as  storage  reservoirs.  In  some  species  the  axial  cells 
of  the  thallus  are  arranged  in  definite  strands  with  sieve-tube  like 
elements  and  true  sieve-tubes. 

According  to  the  manner  of  their  tiexual  and  asexual  reproduction, 
the  Phaeophijceae  fall  naturally  into  three  orders. 

Order  1.  Phaeosporeae 

In  this  order  aro  included  tbs  Laminarias,  oa  well  as  tlie  niajoritj  of  the  other 
leophyfcnf  Aaesiml  multiplication  la  cffecti-d  by  means  of  swarm -spores,  which 
e  produced  in  large  numbers  in  simple,  so-calli'd  unilocular  s]iorangia  ;  tbej  have 
red  cji  s]>ot,  a  chromatophore,  and  two  lATKUaM.v  in.'sf.utei)  cilia  (Fig.  254). 
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Onler  2.  Fucaceae 

Asexual  teprod action  ts  wantinf;  in  tliiH  order,  wliili>  svxual  Tuproduotinu  ia 
diatinctly  oogamoas.  Tlii!  oogonia  and  uutlieriilia,  as  ia  Fftcu*  veriailniui  » 
platucarpiu,  for  example,  are  formed  in  apeci&l  fliuik-9>iA|ied  depreBaioiia  tomiMl. 
1,  which  are  urottdcd  togcthor  below  the  aiirfaoe  in  Iho  swollen  tips  or 
IS  of  the  dicliotomousl;  branched  thallus  [Fiy.  253,/).  Tb?  coneeptula*  < 
or  F.  plalyearpia  (Fig.  257)  contain  botli  oogonia  and*  ancheridia,  while  F. 
iWMfufcjiM,  on  the  contrary,  ia  difroi- 
oiia.  From  the  inner  wall  of  the  o 
uvptaclea,  between  the  oogania  and 
antberidio,  spring  numerous, 
branched,  stt'riio  hairs  or  paraphvbes, 
of  which  some  protrudu  in  tufts  &om 
thi  mouth  ol  thi  conceptAcle  (Fig 
^57)  The  anlhendia  am  oral  i 
shapi  and  are  lomied  in  cluster* 
on  a|iecMl  short  and  much  bmnobcd 
niumonts  (Figs  257  o  2S8  O  ~' 
lonteuts  of  each  anthendiom  ■ 
rate  into  a  large  number  of  spennA 
toxoids  which  arc  discharged  i 
niiLKs  Htil)  enoloecd  withiu  ths  uitwr 
lajer  of  the  anthendium  (Fig  2&8t 
S)  E\ontUBl)y  set  free  Irraa 
ont(.r  covering  th  eiwrmatoMids  ap- 
Itnv  IS  Donipwhiit  elougatrd  avat« 
budlPB  having  two  lateral  cilia  itt 
unequal  length  and  a.  red  eye-npot  (O), 
,  The  oogonia  (Fig.  257,  a)  «ro  neulj 
.  (After  ipherical,  and  are  born«  on  a  ahoit' 
Htslk  cooaiating  of  a  single  cell.  Tbsy . 
arc  of  a  yellowish -brown  eolaut,  and 
enclose  eight  apherical  cgg-cella  which  are  formod  by  the  division  of  the  oogoniuin 
mother  cells.  The  eggs  are  cuclosed  within  a  thin  membrane  when  ejectud  front 
the  oogonium  (Fig.  258,  A),  This  memhrauous  envelope  deliquescea  at  ono 
and,  turning  partly  inside  out,  sets  ttt:e  the  eggs.  The  apenuatozoidB  then  gkther 
round  the  eggs  in  such  numbers  that  by  the  energy  of  their  movements  they  ofloB 
set  them  in  rotation  {F,  H).  After  an  egg  has  been  fBrdlised  by  the  nntranc 
one  of  the  apermatomida  it  becomes  invested  with  a  cell  wall,  attncbea  itself  ta 
the  substratum,  and  gives  rise  by  division  to  a  new  plant.  In  the  usse  of  o 
/W(«a«  which  produce  four,  two,  or  even  only  one  egg  in  their  oogonia,  thenuolaot  J 
of  each  oogoninm,  according  to  Oltuancs,  nevertheless  first  divides  into  eight' 
daughter  nuclei,  of  which,  however,  only  the  proper  number  give  rise  to  « 
capable  of  undergoing  fertilisation.  The  oogonia,  accordingly,  uf  the  Atlatttio 
Bimaiitkalia  lorat,  which  produces  only  one  egg,  juat  as  those  uf  other  specim  in 
which  two  or  four  are  developed,  may  bo  regarded  as  Imving  been  evolved  phylo- 
genetically  from  oogonia  in  which  eight  egg&  are  formed. 


fia.   SSr.  —  fvaa  pJulj^fjiM. 

eepWde  wtib  oogoDi*  of  iUfferant  ign 
cluil«ni>fiiitber1illa(u);  j',  jianphyftci 
Thurst,  X  circa  al.) 


».— ^-f.  fiicnpliilnrarinu:  A.  Fi^hL  rfs-celli  BitniilM  from  the  uasDnlnm, 
hf  tks  InacT  \aftt  of  Iha  cull  wmll ;  H,  imnUnU  nf  u  anUwriiliuin  numiuiiilgd  by  U»  liiiMr 
lijv  of  the  »U  it«ll  i  C,  10  uitberiajum  nied  lu  ticuhol  •lul  lUliwl  «)tk  hniMtoirllD  :  D, 
'  n  of  cuulmu  uf  bk  uugniiliiiii  ■IwlUirly  Inntnl  siid  ataliwil :  K  •KH'cella  m'I  fn*  by  tliB 
niptunuttba  luiiorlsretof  tlw  oDgooluiB  hy  whidb  Ihey  wan (nraloped  whui  Bnt  extruded: 
f,  kii  (H-«eIl  with  upermatDiiMd*.  rt,  H,  fVew  tairmbmin  a,  ■pemulumlil*  llitd  by  ■ 
MloUon  of  Iodine;  H,  Bneiig^ell  vitli  apaniwtuiuldi.    (CmdO  XMO;  uLluir  Hgi,  x  IW.) 
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Order  8.  Dlctyotaceae 

In  this  order  there  are  ooly  a  lew  forms  (r.g.  Dictyota  iticAotoma,  Fig.  8,  p.  13). 
The  asexual  sporea,  of  which  only  two  or  four  are  formed  in  a  sporangium,  are  noii- 
motile.  The  sexual  organs  are  diHerentiated  into  oogonia  and  antlieridU.  Each 
oogonium  contains  a  single  egg-cell,  which  it  eventually  ejects,  and  the  antheridia 
produce  numerous  SPEltHATiA  or  noD'motJle  male  cells  without  cilia.  The  process 
of  fertilisation  has  not  as  yet  been  obeerved.  In  the  form  of  their  s[iorea  and 
spermatia  the  Diclyataceae  resemble  the  Skodopkyccae,  from  which,  however,  they 
are  distinguished  by  the  abscDce  of  a,  trichogyne  and  by  their  characteristic  fiiiit- 
formatioD. 

Economic  Dhb. — The  dried  stalks  of  the  officinal  Laiiiinaria  di'gitata,  forma 
Clouilajti  (Pharm.  germ.),  are  used  as  dilating  agents  in  surgery.  Iodine  is  ob- 
tained from  the  ash  (varec,  kolp)  of  various  Lamiitariaceae  and  Fucacrat,  and 
formerly  soda.  Many  Lamioariaa  are  rich  in  maanite  (c.^.  Laminaria  lacehariiia), 
and  are  used  in  its  production,  and  also  as  an  article  ol'  food  hy  the  Chinese  and 
Japanese.  Species  of  Aiaria  are  used  as  au  article  of  food  in  the  Polar  regioux. 
The  larger  Pkatophyceae  are  utilised  also  as  manure. 


Rhodophyceae  (Red  Algae) 

The  Uhodvphyceae  or  Fhrideae,  of  wliich  about  280  genera  are 
knowD,  constitute,  like  the  Phaeopkyceae,  an  independent  group  of 
Thallophytea,  for  whose  phylogenetic  derivation  from  the  lower  Algae 
there  ia,  as  yet,  no  positive  evidence.  They  are  attached  to  some  support, 
and  almost  exclusively  marine,  and  specially  characteriao  the  lowest  algal 
region  on  the  coasts  of  all  oceans,  especially  in  temperate  and  tropical 
latitudes.  A  few  genera  {e.g. 
BatracliOfpeimum,  Lemanta,  HUiie- 
br<imUia)  grow  in  fresh-water 
streams. 

The  thallus  of  the  red  Algae 
exhibits  a  great  variety  of  forms. 
As  in  the  brown  Algae,  there 
are  no  single-celled  forms  like 
those  characteristic  of  the  Sipho- 
neut.  The  simplest  forms  are  re- 
presented by  branched  filaments 
consisting  of  single  rows  of  cells 
{e.ff.t'aUilhammon).  In  other  coses 
Fill.  3.VJ. —(■'.""•;„„  ,,(,;,„,  .  iiv.ii  cj-i.iuc»ri».  ^^^  branched  filamentous  thallus 
(lij.1.  >uf.  "frms.u.)  appears   multicellular   iu   cross- 

sections.  In  many  other  forms  the 
thallus  ia  flattened  and   ribbon-like  (e.i/.   (Jhondrus  cristas,  Fig.   2i>^  ; 
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Gyjartina  mammillosa.  Fig.  260) ;  while  in  stiil  other  species  it  coDsists 
of  espanded  cell  surfaces  attached  to  a  subBtratum. 

The  forma  with  more  advanced  segmentation  resemble  the  vascular 
plants  externally,  and  exhibit  a 
differentiation  into  a  cylindrical 
axis  and  flattened  leaf-like  thalloid 
branches  which,  as  in  Delesseria 
{HydroUipathum)  mnguiitea,  may  '^T?^ 
even  be  provided  with  middle  and 
lateral  ribs  (Fig.  9,  p.  13).  All 
the  FlorideiK  are  attached  at  the 
base  by  means  of  rhizoidal  fila- 
ments or  discoid  hold-fasts.  In 
the  more  delicate  species  the  cell 
walla  are  thin  ;  while  in  the  firmer 
and  more  compact  forms  they  are 
mucilaginously  thickened.  The 
thalli  of  the  Coralliiiaci'iie,  which 
have  the  form  of  branched  fila- 
ments or  of  flattened  or  tubercu- 
late  incrustations,  are  esjiecially 

characterised,  on  the  other  hand,  ^ __    ^^ ^ ^^ 

by  their   coral  -  like    a|>pearance, 

owing  to  the  large  amount  of  calcium  car)x>t]ate  deposited  in  their  cell 
walls.  The  calcareous  Flwidme  are  chiefly  found  on  coasts  exposed  to 
a  strong  surf,  especially  in  the  tropics. 

The  Jlii'xl'ij/b^eae  are  usually  red  or  violet;  sometimes,  however, 
they  have  a  dark  puqtle  or  reddish-brown  colour.  Their  chromatophores, 
wliich  are  flat,  discoid,  oval,  or  irregular-sliaj^d  bodies  and  closely 
crowded  together  in  large  numbers  in  the  colls,  contain  a  red 
pigment,  I'HYCoKKYTllRiN,  which  completely  masks  the  chlorojihyll. 
True  starch  is  never  formed  as  a  product  of  assimilation,  its  place 
>>eing  taken  by  other  substances,  very  frcijuently,  for  example,  by 
Floridean  starch.     The  cells  may  contain  one  or  several  nuclei. 

ReprfHluction  is  effected  either  asexually  by  means  of  spores,  or 
sexually  by  thp  fertilisation  of  female  organs  by  male  cells. 

Til.-  nHeMuil  M-iiKKS  are  nini-iiiotile  ;  tli.y  linv.'  lie  cllU  aii.i  are  sinijily  luked, 
Jspliericiiil  ('<-11».     Tlirr  an-  jirudiiivd,  iiHiiallr,  in  gri»i|>!>  »1' fmir,  by  tlie  JirUiou  of  a 

rujilHri-  of  it^  wallK,  Tli«  s[M)ra»Biii  tlifiiisi-lvcs  nri'  iii'srly  s|iliiTical  or  oval  bodieit 
watiil  uti  tile  tlialliiiil  riUiiiriitn  or  i-mbnlilt-l  in  tbt  tliallus.  In  cun><«iueDC(i  uf 
tlivir  UMUul  runiiatiun  in  Ibnra,  tliv  H|iuri'a  ul'  the  t'turidcae  are  ttrnucd  tetieasi'ouks 
{Fig.  2611.  TIk'V  arc  aualogiius  to  tlic  swanii - i)[ioreH  of  other  Algae;  Hiiiiiliir 
njiures  urr  t'uiiii'l  a,U'i  in  tin-  IHctijulaf rat  uluniig  the  browu  Alguv. 

In  t!ie  devclo|iiucnt  uf  the  si-xual  organs,  lartiKularly  tlii;  female,  tlie  Rh-idu- 
]>h>jrt.ie  <iiir.r  widely  from  tliH  other  Alga.'.  Batmehosjicfiiium  muHili/-r"u;  ■ 
frwii-water  form,  may  servi-  as  an  t'iaiii[ile  to  illuBtrate  the  mode  of  their  formation. 


Thia  Alga  poaaesaei 
viTtieillately  l.ritn.- 


I  lirownihli  tlukllii! 


fl,  mipty  «poi»imluni  with 
lUtiupDns.  (AtlerTuiTHCr. 


,  cuv«1o[H)d  io  miicilitgii,  Hud  coDauting  op' 
>  aexaa]  organs  B]>i>oar  iu  the  autiuno  utd 
Torm  on  tbe  bniuuliiiig  wliurla  gtoniFruli 
or  s[ib*ricH.l  bodiea  coiujiuso'l  of  sliort,  rwij- 
itting  braucbua. 

The  antliuridia,  «]ao  Icnowu  u  spornik'  ■ 
teugia  (Fig.  26Si,  A),  are  |iraduced,  usually 
in  point,  at  the  ends  of  the  radiating 
branches  of  a  glomerulus.  Ea«h  antheri- 
diimi  cooBi»tB  ul'  a  sin)jle  tbiD-waUod  cell, 
in  wbich  tbe  whole  of  the  jirotoplasni,  ( 
is  tha  rule  in  all  JUiudaphyceat,  is  coi 
euuivd  in  the  fonuatioo  of  one  uninuclear 
SPKtuiATlvH.  The  Hpennatia  are  nuailf  ■ 
spherical,  and  immediately  after  their  dii- 
I'harge  from  the  antberidia  (A, 
naked,  but  sftenvards  became  invntvd  with 
thin  outer  membrane  or  cell  wall.     Tliej 


single  nucleu 


I   motile,  like  the  ciliated  sjienuatiHoids  ' 
the  otliM-  Algae,   and   have  tbererore  r 
ved  a  distinctive  name.     In  vunseqiicnc^  of  tbeir  iucapacitj  for  independent  I 
ivement,  tbey  niiiKt  be  u&rriL'd  )iuisivi-ly  by  the  w*t«r  to  the  ffmale  organs,  whiok' 
!  situated  nv«r  tbe  autberidia  at  the  end.^  of  uthpf  lirauvbes.     The  reiuale  urgalt 


un  uviiilifirmt.    A.  Hal 

hn 

■nm 

hnuKh  wlIJi  fe(Uli««1  .■. 

t  cunwouwtu 

the  trichonno ;  c.  fBrtl 

is  called  arARPouoMuv  (Fig.  262,  B),  aud  consists  of  an  elongated  cisll  with  a 
tiask-sbaped  portion  [e)  prolonged  into  a  Shunent,  tiTinLHl  the  TKiCHUorNB  {I).    . 
basal  [Hirlion  contains  the  egg,  which  is  provided  with  ii  large  nueleua  sad  0 
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matophores,  wliile  tlie  trichogyne  functions  as  a  receptive  organ  for  the  spermatia, 
one  or  two  of  which  fuse  with  it,  and  the  contents,  escaping  tlirough  the  spermatium 
wall,  pass  into  the  carpogonium.  Tlie  spemi' nucleus  probably  in  this  case,  just 
as  has  been  demonstrated  by  Wille  for  Nejnalioiif  passes  down  the  trichogyne  and 
fuses  with  the  nucleus  of  the  egg-cell.  The  fertilised  egg  does  not  become  converted 
directly  into  an  oospore,  but,  as  a  result  of  fertilisation,  numerous  branching  fila- 
ments termed  gonimoblasts  grow  out  from  the  sides  of  the  ventral  portion  of  the 
carpogonium.  At  the  same  time,  by  the  development  of  outgrowths  from  cells  at 
the  base  of  the  car|>ogonium  an  envelope  is  formed  about  the  fertile  gonimoblasts. 
The  whole  product  of  fertilisation,  including  the  surrounding  envelope,  con- 
stitutes the  fructification,  and  is  termed  a  cystocaiu'.  The  profusely-branched 
gonimoblasts  become  swollen  at  the  tips  and  give  rise  to  spherical,  uninuclear  sjiores 
known  as  rARPosroRE.s,  which  are  eventually  set  free  from  the  envelope.  In  the 
case  of  BatracJioitpermum  the  carjiospores  produce  a  filamentous  protonema,  the 
terminal  cells  of  which  give  rise  to  asexual  unicellular  spores.  These  spores  serve 
only  for  the  multiplication  of  the  protonema.  Ultimately,  however,  one  of  the 
lateral  branches  of  the  protonema  develoi)s  into  the  sexually  differentiated  fila- 
mentous thallus.  The  production  of  siK)res  by  the  protonema  is  analogous  to  the 
formation  of  tetraspores  by  other  Fhndcac. 

The  formation  of  the  cystocarps  and  carposi)ores  is  much  more  complicated 
in  the  case  of  other  genera,  but  they  originate  in  a  similar  manner  from  cariK>gonia 
provided  with  trichogj'nes. 

Chorcocolax  albuSj  a  North  Sea  Florideau  si)ecies,  described  by  Kuckuck,  is  of 
special  interest.  It  grows  as  a  parasite  on  another  red  seaweed,  Rhodomda  sub- 
fiiscay  on  which  it  appears  in  the  form  of  a  small  white  cushion-like  growth.  As 
u  result  of  its  i>arasitic  mode  of  life  the  formation  of  chromatophores  has  been 
entirely  suppressed,  and  thus  in  Chorcocolax  albus  a  true  fungus-form  is  represented. 

Economic  Uses. — Giyartina  mammillosa  (Fig.  260),  with  cone-like  cystocarps 
*J-5  mm.  in  length,  and  Chovdrns  crispuSj  with  oval  cystocarps  about  2  mm.  long, 
sunk  in  the  thallus  tetraspores.  Both  forms  occur  in  the  North  Sea  as  purplish-red 
or  purplish-brown  Algae  ;  when  dried  they  have  a  light-yellow  colour,  and  furnish 
the  official  Cauuaguken,  "Irish  Moss,"  used  in  the  preparation  of  jelly.  Aoau-Aoak, 
which  is  used  for  a  similar  i»uri)ose,  is  obtained  from  various  Floridcac;  Gracilaria 
luhciwides  supplies  the  Agar  of  Ceylon  (also  called  Fucus  anitjlaccus),  Euchcuuui 
spiiiosum  the  Agar  of  Java  and  Madagascar.  Mrsc  rs  helminthochoutus,  consist- 
ing of  a  mixture  of  different  marine  Algae,  was  formerly  used  as  a  specific  for  worms 
and  goitre.  Curallina  ojfficiiuiliSy  a  calcareous  sjK'cies  of  Floridcac^  was  at  one 
time  officinal. 


Class  IX 
Characeae  (Stoneworts) 

Tiie  Characeak  form  a  sharply-defined  group  of  Thallophytes, 
distinctly  characterised  by  the  complicated  structure  of  their  sexual 
organs.  They  may  originally  have  been  derived  from  the  Confervouleae  ; 
but  the  process  of  their  evolution  is  uncertain,  as  all  intermediate  forms 
are  lacking,  while  they  show  in  their  structural  development  a  higher 
stage  of   organisation   than   any  of  the  existing  green  Algae.      The 
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which  include  six  genera  and  about  160  species,  grow  in 
fresh  or  brackish  water,  attached  to  the  bottom  and  covering  extended 
areas  with  a  mass  of  vegetation.  In  some  species  their  cylindrical  main 
axes  are  over  a  foot  in  length,  and  are  composed  of  long  iiiterDodes 
alternating  with  short  nodes,  from  which  shorty  cylindrical  branches 
are  given  off  in  regular  whorls  with  a 
similar  structure  but  of  limited  growth 
(Fig.  263).  The  lateral  axes  are  either 
unbranched  or  give  rise  at  their  nodes  to 
verticillate  outgrowths  of  a  second  order. 
From  the  axil  of  one  of  the  side  branches 
of  each  whorl  a  lateral  axis  resembling  the 
main  axis  is  produced.  The  attachment 
to  the  substratum  is  effected  by  means 
of  branching  rhizoid  outgrowths  from  the 
nodes  at  the  base  of  the  axes. 

Both  the  main  and  lateral  axes  grow 
in  length  by  means  of  an  apical  cell,  from 
which  other  cells  are  successively  cut  off  by 
the  formation  of  transverse  walls.  Each 
of  these  cells  is  again  divided  by  a  trans- 
verse wall  into  two  cells,  from  the  lower  of 
which  a  long,  internodul  cell  develops  witli- 
out  further  division  ;  while  the  upper,  by 
continued  division,  gives  rise  to  a  disc  of 
nodal  cells,  the  lateral  axes,  and  also,  in 
the  lower  portion  of  the  main  axis,  to  the 
rhizoids.  In  tiie  genus  \itelia  the  long 
internodes  remain  naked,  but  in  the  genus 
Cliara  they  become  enveioijcd  with  a  cor- 
tical layer  consisting  of  longitudinal  rows 
of  celts  which  develop  at  the  nodes  from 
the  basal  cells  of  the  lateral  axes, 

^ ^  As  a  result  of  the  fragmentation  of  its 

original  nucleus,  each  internodal  cell  is 
provided  with  a  numlier  of  nuclei  which  lie  embedded  in  an  inner  and 
actively  moving  layer  of  parietal  protoplasm.  Numerous  oval  ehloro- 
plasts  devoid  of  pyrenoids  are  fimnd  in  the  Internodal  cells,  disj>osed 
in  longitudinal  rows  immediately  beneath  the  cell  walls. 

Asexual  reproduction  by  means  of  swarm-sjiores  or  other  s)N>res  is 
unrepresented  in  the  Vhamtxae.  Sexual  reproduction,  on  the  other 
hand,  is  providot!  for  by  the  production  of  egg-cells  and  spermatoKoids. 
The  female  organs  are  egg-shaped.  They  are  visible  to  the  naked  eye, 
and,  like  the  spherical  red-coloured  antheridia,  are  inserted  on  the  nodes 
of  the  lateral  axes.  With  the  exception  of  a  few  direcious  species,  the 
Chiirmeae  are  monoecious. 
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Ckaru/raijilit,  a.  very  Comnioil  species,  may  be  tnkcii  as  a  type  of  the  Cliaraaat. 
In  this  inatsnce  the  sexuul  or^siia  are  produced  iu  pairs  on  the  Dodea  of  the  short 
brauehes,  the  antlieridium  is  directed  downwards,  aud  tlie  oogonium  upwards  [Fig. 
264,  £).  Th«  Butheridium  has  a  complicated  structure,  and  in  this  reepcct  exhibits 
a  liigher  stage  of  developmeut  than  the  similarly  named  organs  cf  the  Mosses  and 
Vascular  Cryptogams.  The  antlieridium  is  attached  to  the  node  of  the  fertile  brancii 
by  a  stalk-cell  (J,  p)  and  a  basal  nodal  cell  (lui).  The  antheridium  ha^  the  form  of  a 
hollow  sphere,  the  wall  of  whicli  consists  of  eight  Hat  cells  termed  shields.     The 


<4t  shiiids  ari.  triangular,  tlx  louir  tour,  in  consequence  of  their 
hestalkcill  an.  traiHi'ifunu  in  Hha]i>  It  in  tu  the  presenco  of  led 
chronuitophores  in  Ihi  ihiildx  tliat  the  red  mluiir  of  the  autheridia  is  due.  In 
cross'Bcction  (Fig.  2111  A  '()  the  walU  of  th(  anthiridiu  seem  to  bo  composed  of 
many  cells  in  cousuiuiniL  u(  the  ap]iartut  si  yuLntation  of  the  shields  by  the 
radial  infolding  of  thiir  walls  Irum  tin  iiiiddh  of  the  iniitr  wall  of  each  bhield  a 
cylindrical  cell  called  th>  MA>IIU1([LM  (>ii)  pnijiLts  inwanls  towards  the  centre  of  the 
antheridiiim.  KblIi  niuiiuhnum  tinnitiati.-,  lu  a  knob  like  cell  or  capiti'LUM,  from 
which  a  large  numbir  ut  lo[t(,  Hinipk  filami  iiti  Lom[K)Hed  of  short  cells  grow  out 
into  the  cavity  of  the  aiitbindiuni  The  «i«riuato70ids  arc  produced  in  the  cells  of 
these  filamcNi!< ;  iu  tach  cdl  uuly  one  but  (.ulkitivily  comiirising  an  enormous 
number  (as  many  as  40,000  iii  one  antbtndiuiu)      The  spenuatozoids  make  their 


p»«i[iv  Ttodi  tile  [iiother  cells  and  are  set  tree  io  the  trater  )ij  the  sejwration  of  tli« 
Bliields.  They  have  the  appearanuc  of  spirally -coiled  curkscrew-liku  thrcadB,  and 
bear  two  cilia  at  Iheir  anterior  extremity  (Fig.  70,  A,  p.  67).  In  the  form  of  their 
9]ienniltozoida  tlie  CJiaractiu  differ  from  the  Alg&e  and  bear  a  clusvr  resejnbltuieB 
to  the  fi/'i/opAa'"  and  Ptcridophyla..  The  female  organ,  ur  oogonium,  hosa  bnnniiah 
colour,  is  oval  in  sha]ie,  and  somewhat  Urger  than  tlie  autheridia.  It  is  attached 
to  the  same  ttell  (na)  as  the  antheridium  by  means  ol'  a  atalk-oelt  (Fig.  2S4,  A,  p\. 
Betwevu  the  egg-cell  and  ttie  stalk-cell  are  iutergiosed  a  nodal  cell  (iio)  aud 
the  so-called  "  Wendungstelle  "  (v).  The  large  egg-cell,  which  is  full  ufstaruh  ajid 
oil  globules,  is  completely  encloaed  by  an  envelope  formed  of  five  spirally-winding 
tubes  which  spring  bom  the  nodal  cell.  The  enveloping  tubea  terminate  in  a 
crown  {«)  composed  of  five  cells  cut  off  from  them  by  tranavenjc  walls.  At  the  limn 
of  fertilisation  the  enveloping  tubes  separate  a  little  from  each  other  at  tlie  neck 
of  the  oogonium  jnst  below  the  crown-cell ;  through  the  fissures  thiu  made,  tbs 
8[iermatoioids  enter  l.lie  egg-eell-  The  egg,  after  rertiliaation,  now  converted  inl* 
an  oospore,  becomes  invested  with  a  thick,  colourless  wall.  The  inner  whUk  of  thn 
tubes  become  thickened  and  enurusted  with  a  deposit  of  calcium  carbonate, 
while  the  externa!  walls  of  the  tubes  soon  become  disintegrated  ;  the  browu  inner 
walls  of  the  tubes,  strungtbeucd  by  tbcir  layer  of  calcium,  continue  as  a  protective 
covering  after  the  oospore  has  fallen  from  tlie  parent  plant. 

With  few  modifications,  the  structure  of  the  sexual  organs  is  the  same  in  tha 
other  Characeae. 

The  oospore,  on  germination,  gives  rise  first  to  a  simple,  filamentous  row  of  cells, 
the  proembryo.  From  the  first  node  of  tlie  proembryo  rbi/oids  are  produced, 
while  at  the  second  node  there  arise,  together  witli  a  few  simple  lutvral  axes,  one 
ur  more  maiu  axes,  which  finally  develop  into  a  full-grown  plant. 

The  fomistioD  of  tnber-like  bodies  (hulbtls,  starch-stois)  on  tlie  lower  part  of  th* 
axes  is  characteristic  of  some  species  of  the  Chameeac.  These  tiiliers,  which  at* 
denicly  filled  with  starch  and  serve  as  hiboruating  organs  of  vegetative  reproduc- 
tion, are  either  modified  nodus  with  much  shortened  branch  whorls  {e.g.  in  TWy- 
pelloptia  ttclligera,  when  they  are  atai-ahaiiad),  or  corn'spondiugly  modified  rhiKitda 
(f.p.  the  bulbils  of  Vhum  atjifrii). 

Clmni  crinilii  affoi^s  tlnj  only  example  of  PAKTHENOgknksis  (p.  68) 
known  in  the  vegetable  kingdom  ;  its  egg-ce!la,  without  previotis  fusion 
with  apermiitozoids,  are  converted  into  spores  cajmble  of  further  de- 
velopment. In  the  i'bra  of  Northern  Europe  female  plants  only  are 
found. 

Class  X 

Hyphomycetes  (Fungi) 

The  Uyjiluimycetts  or  Eumycttes  were  formerly  classified  collectively 
with  ths  Myxf/mycetta  and  SrhvMJiujcelef  aa  Fungi,  They  are,  however, 
quite  distinct  from  each  of  these  classes,  and  should  probably 
be  viewed  pliylogenetically  aa  representing  saprophytic  or  parasitic 
forms  of  the  ChlvTcpkyceae,  in  which  a  complete  absence  of  chlorophyll 
and  chromatophores  has  resulted  from  their  manner  of  life.  Their 
cells  are  provided  with  distinct  btit,  in  most  cases,  very  Lhin  walk 
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(p.  80),  and  contain  nuniBrons  email  nuclei  dispersed  throiighoul  their 
colourless  protoplasm  (Fig.  61,  p.  60).  In  the  cell  contents  are  fre- 
quently found  Hat  globules  and  also  glycogen,  but  never  tnie  starch. 
Of  all  the  Ilijphmaiicftei  the  group  of  the  Pki/rtimi/'-jiles — the  Water  or 
Algal  Fungi — although  occupying  the  lowest  position,  exhibit  the 
moat  evident  connection  with  the  Chloroph/eeae.  Their  Tesemblance 
to  the  Siplwiieae,  in  particular,  is  especially  pronounced,  as  their  fila- 
mentous, vegetative  thallus  consists  of  a  single,  simple,  or  profusely 
branched  multinuclear  cell  (f.?,  Mttaw,  Fig.  269,  p.  347).  The  thallua 
of  the  higher  Jfi/phomyeles  is  similarly  formed  of  much-branched  fila- 
ments, but  the  fikmenle  are  septate,  and  so  consist  not  of  one 
cell  but  of  a  row  of  cells.  The  tilatnenta,  whether  septate  or 
unseptate,  composing  the  thallua  of  tlie  Fungi  are  termed  HYPH.fi ; 
the  whole  vegetative  portion  of  the  thallus  formed  by  them,  the 
MYCELIUM.  The  hyphie  of  a  mycelium  are,  as  a  rule,  either 
isolated  or  only  lousely  interwoven ;  they  spread  through  the 
aubetriitum  in  all  directions  in  their  search  for  organic  nourish- 
ment. In  many  of  the  higher  Fungi,  however,  the  profusely  and 
irregulai'ly  branching  hyphfe  become  so  inseparably  knotted  and 
interwoven,  that  they  seem  to  form  compact  masses  of  tissue.  Where 
the  filaments  in  such  cases  are  in  intimate  contact  and  divided  into 
short  cella,  an  apparently  parenchymatous  tissue  or  pskl'Do-parK?!- 
CHVMA  is  produced.  Such  compact  maasea  of  hyphal  tissue  are 
formed  by  some  species  of  Fungi  when  their  mycelia,  in  passing 
into  a  vegetative  resting  stage,  become  converted  into  ScLKROTIA, 
tuberous  or  strand-like,  firm,  pseudo-parenchymatous  bodies,  which  ger- 
minat«  under  certain  conditions  (Figi.  97,  98,  p.  87).  In  the  fnic- 
tifications  of  the  higher  Fungi  the  hyphie  are  also  nearly  always 
abrogated  into  a  more  or  less  compact  tissue  (Figs.  95,  96,  p.  87).  The 
walls  of  adjacent  cells  or  filaments  of  the  mycelium  are  frequently 
absorbed  at  their  points  of  contact,  and  an  open  communication  is 
thus  established  between  them. 

SEXtiAL  REPRODUCTION  Is  positively  known  to  occur  only  in  the 
Phycomycelfx  or  Algal  Fungi.  In  this  respect  they  approach  on  the 
one  hand  the  ('onjugatnf,  on  the  other  the  oogamous  Cimfenxiuleae  and 
Siphoneae,  and  have,  accordingly,  been  divided  into  the  two  groups  of 
the  ZypomiiCfin'  and  Onrni/rftef.  In  both  groups  a  complot«  reduction 
of  nil  sexual  differentiation  is  sometimes  manifested,  while,  in  the 
higher  Fungi,  the  existence  either  of  sexual  organs  or  sexual  repro- 
duction has  not  been  certainly  proved  ;  whereas  in  the  green,  inde- 
pendently assimilating  Algae  exactly  the  reverse  is  tnio,  and  sexual 
differentiation  not  only  becomes  more  evident  but  the  sexual  organs 
more  complicated  the  more  advanced  the  development. 

The  formation  of  ASKXrXL  SPork»  is,  on  the  contrary-,  of  general 
occurrence,  and  ts  effected  in  a  great  variety  of  ways.  The  produc- 
tion in  sporangia  of   large  numbers  of  eiliato  ewarm-spoies  is  only 
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found  to  take  place  in  the  Phycomycetous  group  OoniyceteSy  which  are 
classed  on  this  account  nearest  the  Chl(rrophj/ceae.  In  the  Zygomycetes,  the 
second  group  of  the  Fhycamycetes,  and  in  all  the  higher  Fungi,  the  asexual 
spores  are  non-motile,  and  invested  with  a  cell  wall.  This  difference 
is  explained  by  the  mode  of  life.  Swarm-spores  are  produced  only  by 
such  Phycomycetes  as  live  either  constantly  or  occasionally  in  water  ;  non- 
motile  walled  spores,  on  the  other  hand,  are  adapted  to  dissemination 
by  wind,  and  are  accordingly  peculiar  to  the  terrestrial  Fungi. 

The  manner  in  which  such  asexual  spores  are  formed  shows  great 
variation,  and  serves  as  the  principal  means  of  characterising  the 
different  groups  of  the  higher  Fungi.  Two  entirely  distinct  modes  of 
spore-formation  may  be  recognised. 

1.  The  formation  of  endospores  within  sporangia  by  the  divi- 
sion of  the  contents  of  the  sporangia  and  the  production  of  numerous 
spores  by  subsequent  contraction  (Fig.  270,  p.  348).  The  sporangia 
are  situated,  as  a  rule,  at  the  extremities  of  special  mycelial  branches 
termed  sporangiophores. 

2.  The  formation  of  CONIDIA  (exospores)  by  the  abstriction  of 
spore  cells  from  the  ends  of  elongated  hyphae,  which  are  for  the  most 
part  converted  into  special  conidiophores  (Fig.  276,  p.  353).  Both 
modes  of  spore-formation  occur  in  their  most  primitive  form  in  the  Zygo- 
mycetes, in  some  cases  both  methods  are  represented  in  the  same  genera. 
Transitions  between  both  modes  of  spore-forraation  are  also  observed 
in  certain  Zygomycetes,  and  it  would  appear  probable  that  a  conidium 
is  a  more  recently  developed  form  of  sporangium,  and  equivalent  to 
a  sporangium  with  one  spore.  In  classifying  the  higher  Fungi  which, 
unlike  the  Phycomycetes,  have  lost  all  indications  of  sexuality,  they 
may  be  best  treated  as  derived  from  the  Zygomycetes  and  divided 
into  two  different  series. 

In  the  FIRST  SERIES  are  included  the  lower  and  smaller  group  of 
the  Ilemiasci  and  the  higher,  more  variously  modified  group  of  the 
Ascomycetes.  This  series,  like  the  sporangia -bearing  Zygomycetes,  has 
retained  as  its  principal  asexual  fructification  the  sporangium,  but 
elongated  and  modified  into  an  Ascus  or  tubular  spore-case.  Spores, 
usually  eight  in  number  and  arranged  in  a  row,  are  produced  within 
the  asci  by  free  cell-formation  (Fig.  273,  p.  351). 

The  SECOND  SERIES,  comprising  the  Hemibasidii  and  the  more 
highly  developed  Basidiomycetes,  has  been  derived  from  the  conidii- 
ferous  Zygomycetes,  The  groups  in  this  series  have  retained  the 
conidial  fructifications,  and  developed  them  still  further  as  basidia, 
or  conidiophores  specialised  in  form  and  size  and  in  the  number  of 
their  spores.  There  are  various  forms  of  basidia,  the  most  usual 
being  that  of  the  Mushrooms  and  Toadstools,  where  four  spores  are 
cut  off  from  the  ends  of  a  club-shaped  support  on  four  slender  stalks 
or  sterigmata  (Fig.  290,  p.  368). 

In  both  the  first  and  second  series,  in  addition  to  the  principal 
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fructifications  in  the  form  of  asci  or  basidia,  there  occur  also  ACCKS- 
soRY  FRUCTIFICATIONS  in  which  conidia  of  various  fomis  are  produced. 
Both  series  also  exhibit  an  increasing  complication  in  the  arrange- 
ment of  their  respective  asci  or  basidia.  \Vhile  in  the  simpler 
groups  the  asci  or  basidia  arise  free  on  the  hyphae,  in  the  more  highly 
developed  Ast'onntretes  and  BimdiomijceUs  more  or  less  complicated 
fructifications  are  produced,  ascus  fructifications  in  the  former,  basidia 
fructifications  in  the  latter.  In  both  of  these  last  two  groups  fructi- 
fications, externally  very  similar  and  of  a  tuberous  or  toadstool-like 
shape,  are  often  formed.  The  asci  and  also  the  basidia  are  disposed 
in  a  definite  layer  or  hymkn'IUM,  which  is  in  part  composed  of  sterile, 
club-shaped  cells  termed  paraphyses  (Fig.  290,  p.  368).  The 
hy menial  layer  covers  the  walls  of  the  external  cavities  of  the  fructi- 
fication or  is  exposed  on  its  surface  at  definite  }X)ints. 

In  addition  to  tlie  sporangia  and  conidia  there  occurs  also  a 
third  form  of  spore -formation,  the  so-called  chlamydospores  (en- 
cased spores).  These  8|)ores  may  be  produced  by  the  PhycomifceUs  as 
well  as  by  the  higher  Fungi.  The  chlamydospores  are  usually  formed 
in  rows  on  hyphae ;  they  are  regarded  as  rudiments  of  sporangia 
or  of  conidiophores  which,  interrupted  in  their  development,  have 
assumed  the  form  of  s|)ores,  and  like  them  serve  the  purpose  of 
asexual  reproduction  (Fig.  272,  p.  350).  On  germination  they  usually 
develop  into  either  sporangia  or  conidiophores.  The  H ifpliomyceks 
may  be  classified  according  to  the  following  system  of  Brefeld, 
established  in  conformity  with  the  preceding  principles. 

A.  Ahffil  Fungi,  Pht/rornyceffs,  with  unicellular  mycelium  and  sexual 

reproduction. 

Sub-Class  1.   Ooini/n'its.  Sul>Class  2.  Zu[nnhyi'etf\<. 

With  oogania  and  anthfiidia  ;  Zygosj»ores   formwl  ;    a.sexual 

asexual  repn><luction  usually  l>y  reprcxluetioii   by  means  of  spor- 

nieans  of  8\vann-sjM)r<*s.  angia  or  conidia. 

B,  Ilifjher  Fuiuji,  hypha*  septate  and  without  sexuality. 

Series  1.  Spouan(;ia-bkauin<;  Series  2.  Coxidia-bearinc. 

FuNcJi.  FrN(;i. 

With  sporangia,  in  addition  to  conidia.  With  ronidia  ;  no  s|H)rangia. 

Sub-Class  3.   Hemvisci.  Sub-Class  5.   IfemilHimlii. 

SjKirangia  resembling  asci.  C(>nidiophores  resembling  l>asidia. 

Sub-Class  4.   Ascoinycetes.  Sub-Class  6.   Basidumiyreifs. 

Sporangia  devcloi>ed   as  true  Conijliojihores  developed  as 

asci.  true  basidia. 

The  Ifemiasri  and  IIemib<tMuh'i  were  classified  as  }[r»,mycct€s  by  Hkkkkld  ;  the 
AscomycfUn  and  BosUlioinifcHfx  as  .)fyt'ouu/rt'fe}t. 


Sub-Class  1.  Oomycetes 

To  the  Oumijceks  belong  a.  lurge  niimlier  of  genera  which  live  either 
in  water  \i\ma  decayinj;  organisms,  or  on  land,  parasitic  on  higher 
plants.  In  the  formution  of  their  sexual  organs,  oogonia,  and  &□• 
theridia,  as  well  as  of  asexual  swarm -spores,  they  often  show  a 
striking  resemblance  to  certain  of  the  green  filamentous  Algae. 
Within  this  group,  however,  a  reduction  of  all  sexual  differentiation, 
even  to  its  complete  dJsapfrea ranee,  may  be  observed. 

1.  Tlie  Moiinhlrjiluiri'lii'ia^  miij  be  jilaccd  (irst  in  m  series  illuBtrnling  gradual 
reductiou, — tlie  only  fimily  of  all  the  ffirpltnmyirl'-'  wliicli  still  produce  wetl- 
devcloiKd  Hpemiatotoitis  in  antliendio.  They  (comprise  hut  two  j^era,  with 
altogetlmr  only  three  speLies    and  limo  n  unicellular,  hranehed  myceliiun,  which 


lives  in  water  upon  dvcaying  oryanic  iniitt«r.  Aseiiial  reproduction  is  ufTectod  by 
means  of  unidliiite  swnmi'Spores,  formed  in  lurge  nunilicrs  in  temiinat  sporangia. 
The  sexiuil  organi)  Imre  tiie  fomi  of  terminal  oogonia  and  antheridia  borne  at  the 
tips  of  certain  hyph»  ;  the  former  contain  one  egg-cell,  and  the  latter  numerous 
uniciliate  spermatozoidH  (Fig.  265),  The  spermatoioida  niake  their  euH|>e  through 
an  opening  in  the  anthBTidinni  and  fertiliao  the  egg-cell,  which  then  becomes  tnns. 
formed  into  a  s|>inoua  oosiwre.  In  the  formation  of  their  geiiual  organs  Uipro  )■  Ml 
evident  reaoinlilnnce  between  the  ifimoblephariilinaif  and  the  algai  genus  Otttagoniam. 
'i.  In  the  family  of  the  Perononporfae  a  rednution  of  eeiuality  in  oliservable 
in  the  anthcridium.  in  that  its  protoplasm,  although  niultinuclear,  doea  not 
divide  into  spermatojioids.  All  the  nnmeroiiN  spe<?ie«  of  the  bniily  are  parasitei. 
Their  profusely  branched  nnicellulM'  mycelium  penetrntes  Ihu  Ubsiiiw  of  tin 
higher  plants,  and  in  freijiiently  thu  cause  nf  death.  In  dump  climate, 
Rertain  species  occasion  epidemic  diseases  in  cultivated  pUuts.  and  are  liiglily 
dcatruotive.      Tlius,  the  mycelium  o<  PkfftopAthora  in/tttam,  the  Aingiu  which 
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cniiaes  the  Potato  disr&se,  lives  in  the  intercellular  sptices  of  the  leaves  and  tnben 
uf  tliB  Potato  plant,  »ud  by  penetrating  tlie  cells  nitli  ita  aliort  haUBtoria  it  leads  to 
tlie  discoloration  and  death  of  the  foliage  and  tubers.  Sexual  reprodnetive  organs 
have  not  aa  yet  been  observed  in  this  siieeies.  Aaexual,  oval  aporangia  are  formed 
on  long  branching  sporangiophores 
which  grow  out  of  the  stomata,  i>ar- 
ticularly  from  those  on  the  under  aide 
of  the  leaves  (Fig.  266),  and  appear 
to  the  naked  eye  an  a  white  mould. 
The  aporangia,  at  firat  tenniual,  are 
cut  off  by  transverse  malia  from  the 
ends  of  the  branches  of  the  sporangio- 
phore,  by  tlie  subseijnent  growth  of 
which  they  become  puahed  to  one 
side,  and  so  apjiear  to  be  inserted 
laterally.  Before  any  division  of 
their  contenta  haa  taken  place,  the 
s]>orangia  {B)  fall  olf  and  are  diasemi- 
nated  by  the  wind  ;  in  this  way  the 
epidemie  becomes  widespread.  The 
development  of  swarm-apores  iu  spor- 
angia ia  effected  only  in  water,  and 
is  ooniiequently  posaible  only  in  wet 
weather.  In  tliia  jiroeeas  the  con- 
tents of  the  H|>arangiiini  divide  into 
aeveral  biciliate  swann-a|mrea  (C,  D). 
Eftcli  of  these  apores  after  eacajiing 
from  tlie  a]>uraiiginm  gives  riae  to  a 
mycelium,  which  penetrates  the 
tissues  of  a  leaf.  The  sjiorangium 
may  also  gerniinate  directly  withoirt 
undergoing  division  and  forming 
swarm-Hi)ores  :  it  then  haa  the  value 
of  a  single  s|)ore  cut  otf  from  a  ajioro- 
pliore,  and  in  that  eaat  may  b«  re- 
garded as  a  eonidiiiiu- 
transformation  of  sjnirai 
coniilift  is  found  in  other  of  the 
PcriiHoapiirriit   as   a   result    of   their 

transition   fViuu  an   arjuaCie  to  a  ler-         ■nviBirm  :  /i,  a  Mwiinii-«|Hire.    iii-ii  x  sw.j 
reslrial  m<sle  of  life. 

I'taiiituiwrii  riliruld,  an  extremely  destructive  [lara'site,  also  ]>roducefl  copi- 
ously branched  s|iorangiophores  and  occaaions  the  "  False  .Mildew  "  of  the  leaves 
and  fruit  of  the  (iraiie-vine.  CifuliipH*  raadUlii*,  another  very  common  apecien, 
occurs  on  CTUrifemr,  in  jarticular  on  Ch/ikIIh  biiria  patlorit,  causing  white 
HwellingH  on  the  stems.  In  this  apecjes  the  ajiorangia  are  formed  in  long  chaina  on 
the  hrauchea  uf  the  mycelium  under  the  epidermis  of  the  host-plant,  and  jiroduco 

the  manner  of  their  fonnation, 

;p.  Z21).     They  arisi'  within  the 

walls  as  spherical  swellings 


--^la>res 

The  sexual  organs  of  the  PcTO-w^i 
a  close  resemblance  to  those  uf  the  gcr 
host- plant— the  oogonia  are  either  cii 


|K>Ut»  \n.t,  ttitb  sp<mii|{ii>]ilinrH 
iiifitlatu  iirctJeotliiK  from 
a  ripe  HpnmnBioiii :  (',  n 
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from  the  ends  of  tlie  liypljse,  or  xometimca  ititercnliitttd  tliroiigliout  tlieir  length  ; 
the  antheridU  aru  developed  fts  sBptate  tubular  outgrowtha  just  below  the 
oogouia.  The  conteats  of  the  oogonium  become  dilTcreiitiated  into  one  large 
central  ooKphere,  which  is  ae|iarated  bj  a  thin  niembritne  from  the  peripheral 
periplasm.  Id  the  process  of  fertilisation  the  antheridium  sends  out  a  tube  which 
penetrates  tlie  oogonium  until  it  reaches 
the  ooaphere.  Tbe  tube  then  opens 
at  the  Hpex  and  the  contents  of  the 
autberidium  pass  into  the  oosphere 
(Fig.  267).  After  the  fertilisation  of 
tbe  oosplipru  has  been  etTected,  the 
surrounding  periploam  becomes  trane- 
formed  into  an  outer  spore-wall  or  epi- 
aporium.  The  ooB|Kire  then  givea  rise 
either  dimctly  to  a  germ-tube  (promy- 
celium)  or  first  develops  swarm-spores. 
In  the  case  of  Ptmaospirra  paratitiea,  commonly  found  on  members  of  the 
Cruci/erac,  tbe  behaviour  of  the  nuclei  has  been  more  closely  investigated.  The 
young  oogonium  contains  numerous  nuclei,  but  altliongh  tiieir  number  is  increased 
(circa  112)  by  repeated  division,  only  one  nucleus  is  enclosed  in  the  oosphere,  the 
rest  remaining  in  the  periplasm.  The  sntheridium  is  also  provided  with  several 
(6-12)  nuclei,  of  which  only  one  passes  into  the  egg-cell  and  fuses  with  its  nucleus. 

3.  The  NaproUgnieae,  the  third  family  of  the  Oomyata,  have  also  a  profusely 
branched  unicellular  myceliuiii,  but,  unlike  tbe  Pennwaporeat.  they  live  in  water, 
upon  the  surface  of  decaying  plants,  insects,  and 
even  ujion  living  fishes.  For  the  piiri>asn  of  ascnual 
reproduction  they  dcveloi)  terminal  elnb-slia|>ed 
Hporangia,  which  produce  iiumerouH  bicilinte  swarm- 
spores,  as  in  the  genus  CladupAora  (p.  324).  Iti  the 
production  of  sexual  organs,  terminal  cells  of  thi' 
mycelial  hypb»  are  converted,  as  in  tl 
iporeat,  into  sphi'rical  oogonia,  which  give  rise  to  a 
larger(asnianyas  50)or  smaller  Dumbcrof  egg-cells,  and 
less  frequently  only  to  one  (Fig.  268).  The  antberidia 
of  the  Saprulegaieae  are  also  tubular,  and  spring 
from  the  hypbie,  usually  just  below  the  oogonia. 
Applying  themselves  to  the  oogonia,  they  send  out 
fertilising- tubes  to  the  egg-cells  (Fig.  268),  which 

then  become  converted  into  thick -walled  ooajmres.  An  aiilheri-Uiini  wtih  iwi> 
In  some  Saprelegnitac  no  anthcridia  arc  formed,  and  in  frrtillninn  tubn  (i.)  pciu.trat- 
others  they  only  api«ar  occasionally  ;  in  sueb  cases,  ^^^^^^^^"(^^"'ni'BVH"-." 
therefore,  all  sexual  differentiation  has  been  entirely         y  ^.^-^ 

lost. 

4.  In  the  OomyceUa  are  also  included  the  Chylriilitar,  small  parasitic  Fungi 
whose  unicellular  mycelium  is  only  feebly  dovelo|)ed,  and  in  some  genera  is 
reduced  to  a  simple  saccate  cell,  completely  filling  the  host-cell.  Sexual  repro- 
daction  has  been  observed  only  in  a  few  forms  ;  they  usually  multiply  by  means  of 
asexual  swarm-s[>ores  formed  in  sporangia. 

5.  The  Enlonuiplilhoteae,  finally,  take  an  inlemiediate  position  between  the 
Oomyatci  and  Zijgumi/cclea.  They  live,  as  [lurasites,  in  the  bodies  of  insects  and 
caterpillars,  etc.,  and  ultimately  cause  their  deatli.     The  best-known  species  is 
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Etupuaa  Mvkiic,  wliicli  makes  its  appearance  io  tlie  autumn  on  the  common  house 
fly.  The  niycelial  iilamenta  of  this  Fungua  break:  out  of  the  abdomen  of  the 
iiirecCe<l  fly,  and  gii'e  riae  at  tlieir  extremities  to  asexual  coui^lia,  ubich  are  Anally 
discharged  ;  they  surround  the  fly  with  a  white  halo  and  spread  tbe  infection  still 
further.  Seiual  spores  are  not  known  to  be  formed  by  Empvsa,  but  are  found  in 
other  allied  genera.  Both  oogouia  and  anthendia  liaie  a  similar  atriicture,  and 
eonsist  merely  of  simple  tubes  which  swell  at  the  ends  and  form  resting  spores  by 
conjugation, 

Sub-Class  2.  Zygomycetes 

The  Ziigoiiiijeeles  comprise  a  number  of  the  most  common  Mould 
Fungi.  They  are  saprophytic,  and  are  found  chiefly  on  decaying 
vegetable  and  animal  substances.  The  mycelium  is  unicellular  in  this 
group  alRO,  and  consists  of  profusely-branched  filaments.  Swarm-spores 
are  never  produced,  asexual  reprtiduction  being  effected  by  non-motile 
walled  BiKires,  which  either  have  the  form  of  conidia  or  arise  endogen- 
otisly  in  sporangia.  Sexual  reproduction  consists  in  the  formation  of 
zygospores,  as  a  result  of  the  conjugation  of  two  isomorphous  gametes, 
as  in  the  Cunjiigulue  among  the  Aigae. 

The  best  known  and  most  widely  distributed  species  is  Muair  Mucedu,  frequently 
found  forming  ubite  fur-like  groutlis  of  mould  on  damp  bread,  preserved  fruits, 


dung,  etc.  Thv  tinely- branched  mycelium  ramifying  in  tbe  subsCratuni  produc 
a  number  of  erect  unbntuclicd  s|iorangio|>liores  (Fig.  260].  From  tbe  apex  of  eat 
sporangiopbore   a  single  spberienl   niHirangiiuii   is  cut  off  by  a    traiiaverse    wa 


which  protrutlvs  intu  tli^  cavity  of  the  sporangium  and  fornix  a  colurni^lk  (Fig. 
270,  1,  e).  Tbe  contents  of  the  sporangium  wparate  int«  uuiucrous  oval  aporos 
embedded  in  ■  mass  of  gelatinous  matter  capable  of  great  expansion.  The  wall  of 
the  aporangiiim  in  easily  ruptured,  and  thv  spores  are  discharged  by  the  swelling 
of  the  interstitial  mass,  leaving  the  columella  entirely  enmsed  (Fig.  270,  1,  S,  2). 

Under  certain  conditions,  instead  of  asexual  sporangia,  organs  of  sexual  repro- 
duotion  are  produced.  The  hypliw  of  the  mycelium  then  give  rise  to  lateral,  club- 
fthaped  gametophores.  When  the  tips  of  two  gamctophores  come  into  contact,  » 
conjugating  cell  or  gamete  is  cut  otf  Irom  each  hy  a  transverae  wall  (Fig.  271,  1,  2,  3). 
The  two  cells  thereupon  coalesce,  and  fuse  into  a  xv<w«Pone,  the  outer  wall  of 
which  is  covered  with  warty  protuberances  (4).    After  a  iwriod  of  rest  the  zygofpore 


develops  B  gurm.tiibe,  which  may  at  once  bear  a  sjiorangium  (S).  The  coi^iigatiiig 
byphir  take  their  rise  in  exactly  the  same  way  as  sporaiigioplionsa,  uf  whicll  they 
may  accordingly  be  regarded  as  sexually  differentiated  rudiments. 

Within  the  group  of  the  Ziigomyetla  also,  a  reduction  of  sexuality  is  peroeptibla. 
Thus,  in  the  case  at  certain  Mucoriaaie,  although  the  coiijtignting  hyphie  meet  in 
pairs,  no  fusion  takes  place,  and  their  terminal  cells  lieuome  converted  directly 
into  spores,  which  are  lenned  aitgohfihiks.  In  other  form*  again,  hyjihB 
producing  axygos|Kirea  are  developed,  but  remain  solitary,  and  do  not.  as  in  the 
preceding  cose,  come  into  couta«t  with  similar  liyphn;. 

Soth  the  SIM  and  number  of  spores  ]>roduced  in  the  sjiorangia  of  JVoeor 
Mueedo  are  snbjett  to  variation  {ff.  Fig,  270,  1.  3).  The  E|Kirangia  of  the  genera 
Thamnidiuai  are,  on  the  other  hand,  regularly  dimorphous,  and  a  Urge  sporangiun 
containing  many  spores  is  formed  at  the  end  of  the  main  axis  of  the  iponngiophmv, 
wliite  numerous  small  sporangia,  having  but  few  spores,  arc  produced  lif  its 
verticillately  branching  lateral  axes.     The  sporangia  may  at  times  develop  only 
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■  iiinglt>  bjiore.  as  tlie  result  of  cvrtiiiu  uonditioiis  or  rood-HU]>]<1y,  i 

■uume  tlio  character  of  uouidis.     TIiih  diiuor|iljiHiii  is  eTea  niorv  ' 

tropicitl  genua  Chuaacphora,  round  ou 

the  fiowcTS  of  Hiliiacut.     In  thU  case, 

ju  addition  to  large  sporan^a,  conidia 

are  prodiioed  ou  sjiecial  conidiophorea. 

There  are,   finally,  Zygomycetes   [e.g. 

ChoKloeladium)    whose     only    asexua] 

aporei  art-  conidia.     In  tills  one  group 

or   the    Hyylwiijoetrt,     therefore,    all 

trannitioaal   forma,   from  niauy-xpared 

B))orangiB   to  unicellular  uouidia,  are 

The  ijenub  Pilubotua,  frequently 
found  on  dung,  poKaeues  a  special 
uontrivanco  for  the  dimeiui nation  of 
its  aporeg,  which  are  formed,  like  thosi: 
of  Jtveor,  in  large  terminal  stiorangia. 
Tho  (talk  of  the  spcrangiopliore,  tmme> 
diatcly  below  the  sporangimn.  becomes 
awulleu  and  peHr-ahaped :  in  conse- 
quence of  the  increased  turgor  result- 
ing from  the  abaorption  of  water,  the 
columelU  finally  bursts,  and  the  liquid 
wkiob  is  thus  set  (rei>  tears  loose  the  i 
■IwrBngiuiu  and  discharges  it,  with 
great  force,  to  a  conaidurahle  diatam'e. 
Ths  *i>orangiophores  of  Pilobolut,  anil 
•bn  tboHc  of  other  Mvairineae,  ara  dia- 
tiactljr  positively  helintropic  (p.  U2). 
For  physiological  experiments  Fhyeo- 
mftct  niUnt  la  itho  largely  used.  Its 
«porangiuphorca  are  constructed  simi- 
larly ti)  those  ofifucor  J/iKwfo,  but  attain 
a  very  much  greater  length  (10-30  cm. ). 

Sub-Class  3.  Hemlasci 

This  group  iiichides  only  u  few  small  Fungi  witli  u  septate  mycelium, 
whicli,  aa  in  all  the  higher  Fungi,  develops  no  sexual  orgnns.  Asexual 
reproduclioa  is  effected  by  means  of  ascus-liko  sporangia,  which,  although 
they  show  a  certain  resemblance  to  the  asci  of  the  A^comyaiUs,  <]o  not 
produce  a  fixed  number  of  spores  of  definite  form  and  size. 

Fnlemyca  pachydermus.  ]>araaitic  Upon  Vxehorarau,  may  be  Cited  H  a  typical 
Fungus  of  this  class.  In  addition  to  s[>orangia  it  [iroduceu  accessory  fruutiliuations 
in  the  form  of  conidia  aud  chlamydospores  (p.  343).  Thv  hut  named  are  fonued 
frnsi  the  luycvliuui  ramifying  in  the  tissue  of  the  hoet-plaut,  by  the  spherical 
■nlargement  of  chaina  of  hyiiha]  cell*  whose  walls  bedome  thickened  (Fig.  S72, 
1).  The  gertii '  tubea  arising  from  the  geruiinsUug  chlaniydosporei  b«coai« 
OODTfrled  directly  into  saccate  sporangia  (2,  3)  by  tliv  divinioji  of  th«ir  i>Totu- 


IB  iiUs|niiHi»  (b) :  8.  mora  ailviuml  ibmn 
III  llie  ilBvalopiiient  at  itiD  eoAlDgatlnK  calls  (n] ; 
-t,  rip«  tyso^vonifi')  bctw»n  the  ■itipanBor>(fO : 
i,  Ki!Riil Dating  lygoipore  rlUi  a  geim-lObD 
beating  ■  itaisiiKlDni.    (Aflar  Balnuji.  1-1  li 
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PART  II 


plasm  into  numerous  small  spores,  which  are  eventually  discharged  (4).     Brought 

into  a  nutrient  solution,  the  spores  ger- 
minate directly  and  produce,  without 
previously  forming  a  mycelium,  oval 
conidia  which  by  a  continuous  pro- 
cess of  budding  give  rise  to  new  con- 
idia (5).  Such  a  method  of  multi- 
plication of  conidia  by  budding  is 
termed  yeast  budding,  and  the 
conidia  are  termed  yeast  conidia. 
The  yeast-like  conidia  thus  arising  by 
the  budding  of  the  conidia  of  Proto- 
myces  continue  this  mode  of  repro- 
duction until  brought  in  contact  with 
the  host-plant,  when  they  give  rise  to 
a  mycelium  penetrating  its  tissue. 
Many  of  the  higher  Fungi,  in  addi- 
X  ^  tion  to  their  regular,   asexual  fructi- 

_,„„„,  .    ,  ,    „      ,.„,    fications,    produce   similar    yeast -Uke 

Fio.   2^2.  —  Protoniycts  pachydermug.     1,    Mycelial  .j./  j-'«r 

fllament(m)withchlamydo8pores((0;2,  s.ger-  comdia  when  the  conditions  for  their 

minatiiig  chlamydospores   bearing   sporangia ;  nutrition  are  favourable.     Such  yeast- 

4,  the  extruded  spores;  5,  KporesO*)  germinated  Jil^e  conidia  are  in  fact  often  found  in 

in  a  nntrient  solution  and  alMitrictfng  yeast-  ^^^^^^^  ^^.^^^y   growing   in    any   8Ugar>' 

medium.     As  regards  many  of  them 
it  is  imi>o8sible  to  say  definitely  from 
what  higher  Fungus-form  they  have  been  derived. 


like  conidia  (b)  by  budding.    (After  Brekf.ld, 
1  X  120,  2,  3  X  200,  4,  6  X  320.) 


Such  yeast  conidia  are  represented  by  the  beer,  alcohol,  and  wine 
yeast,  and  are  included  in  the  genus  Sdccharomyces.  These  Fungi  are  espe- 
cially remarkable  on  account  of  their  power  of  exciting  alcoholic  fer- 
mentation in  saccharine  solutions.  S.  cereinsiae  is  the  beer  yeast  used 
in  brewing,  and  is  known  only  in  its  cultivated  form.  S.  ellipsaideu^, 
which  causes  the  fermentation  of  grape-juice  in  the  manufacture  of 
wine,  occurs  regularly,  on  the  other  hand,  in  the  soil  of  vineyards ; 
it  is  therefore  always  present  on  the  grapes  and  need  not  be  added 
to  the  grape-juice.  S.  mycoderma  forms  a  whitish-gray  scum  (fleur  de 
vin)  on  the  surface  of  wine  and  beer,  which  causes  their  decomposi- 
tion. 

The  conidia  of  the.  Yeast  Fungi  are  oval  in  shape  and  contain  a  nucleus. 
They  increase  in  number  by  a  continuous  process  of  budding  (Fig.  2,  p.  11).  When 
the  substratum  has  become  exhausted  by  repeated  budding,  the  yeast  cells  are 
converted  into  s^Kjrangia  which,  while  externally  resembling  conidia,  give  rise 
to  a  number  of  8i>ores.  As  the  size  and  number  of  these  spores  are  not  always  the 
same,  the  Saccharomycctes  are  classified  with  the  Uemiasci. 

According  to  the  recent  investigations  of  Jorgensen,  the  yeast  cells  causing  the 
fermentation  of  grape-juice  are  produced  by  the  branched  filaments  of  Mould  Fungi 
which  vegetate  on  the  surface  of  the  grapes  and  form  numerous  conidia  {DemcUium 
and  Chalara  stages). 
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Sub-Class  4.  Ascotnycetes 

The  Ascomijcelts  form  a  very  large  class  of  Fungi,  chiefly  parasitic, 
and  with  a  septate  tnyceliuui.  Probably  without  any  sexual  mode  of 
reproduction,  they  produce  spores  asexually 
in  special  sporangia  which  have  the  form 
of  aaci  or  tubular  spore-cases  (Fig.  273), 
and  give  rise  to  a  definite  number  of  endo- 
genous spores  (usually  eight  in  a  row). 

Many  Asconujeeks  are  decidedly  poly- 
morphous, and  the  same  Fungus  in  the 
course  of  its  development  frequently  forms 
both  conidia  and  chlamydospores  its  acces- 
sory fructifications.  In  muuy  cases  only 
the  accessory  fructifications  represented 
by  the  conidia  or  chlamydospores  are 
known,  and  not  the  corresponding  ascus 
fruit  Such  Fungi  are  in  the  meantime 
classified  in  systematic  works  as  "  Fungi 
imperfecti."  Concerning  the  physiological  ^ 
cause  of  the  |K)lymorphiam  of  the  Aseo- 
mijcetf.%  and  of  the  successive  production 
of  asci,   couiUia,    and   chlamydospores,   in  "■>' 

the  different  stages  of  their  development,  cm- -■'s— Pmiiuii  or  the  hymeuiom 
but  little  as  yet  lias  been  determined.  "'  ■^j^"K'e»'*'il"^bh'ii^tai 

In  the  simplest  forms  of  Ascomyedeg,       tiHuiu-.  (kj40.') 
the  Ejoam,  the  asci  are  free  and  spring 

directly  from  the  mycelium ;  but  in  the  case  of  the  Carpoaxii,  which 
constitute  the  great  majority  of  the  AacomyceUs,  the  asci  are  produced 
in  special  fructifications  of  varying  form  which  consist  of  sterile  and 
fertile  or  ascogenuus  hyphte.  According  to  the  structure  of  their 
fructifications,  the  UarpoasH  are  divided  into  three  onlers. 

1.  Ferispuiiiuifne, — -The  fertile  ascogenous  hypha>  are  enclosed  by 
a  compact  envelojH!  of  interwoven,  sterile  filaments.  The  ascospores 
become  free  only  on  the  disintegration  or  rupture  of  this  envelope, 
the  FKitlTHKClUM  (Fig.  275). 

'2.  I'limi'iwiicetrs, — The  sterile  filaments  from  a  flask-shaped  peri- 
tbecium,  within  which  is  produced  the  hymcniura,  a  basal  layer  of 
erect  asci  and  [wraphyst-s.  The  sporea  are  discharged  at  maturity, 
through  an  opening  at  the  apex  of  the  perithecium  (Fig.  278). 

3.  Ilinetiiiii/ccti-a. — -The  sterile  filaments  form  at  maturity  an  o)>en, 
cup-sliaped  receptacle  or  aimji'iikci CM  with  the  hymenium  on  its 
up|ier,  concave  surface  (Fig.  228) ;  or  the  hymenium  is  borne  on  the 
outer  surface  of  fleshy,  somewhat  mush  room -shaped  fructificationa 
(Fig.  283). 


/ 


with  cittbt  npoiw,  U),  Hi  vllh  ;< 


Ordsr  I.  Exoud 

Of  tliia  order,  whicij  cunatitutes  tlie  siinplcat  grou[i  of  Aicoinyccla,  iu  which  no 

specially  distiuctive  fruclifioalions  ate  foi-med,  the  most  inii»rWnl  gcmia  b  Bio- 

aacut.     The  rolioun  species  of  £xuasrui  ore  partwitit  ou  differeut  trees,  and  na  their 

mycelia  hibernate  in   the   tisaiia   of  the   hoat- 

/^V  plonta,  thej  cause  a  constsDt  recumnce  of  thft 

f'^^j"   *    same  digeaso.     Tho  presence  of  the  niirceliuiB 

iu  the  tiseneti  of  the  infected  part  caoaeB  tha 

aboonually   profuse   developmeiil   of   hranehaa 

knoirn  s»  Witi'uek'-rrduhh.     ExoatB«t  Carpimt 

l<roditces   the   ahuornia]   growths  ooourring  oa 

the   Hornbeam  ;  Exoamtu  epiphyllui,    thoan  oT 

Alntu  iHcana,     ExvaaMi  dt/ortiuxna  atUcks  the 

loaves  of  tho  feacli  and  causes  them  to  cnrL 

BxtHii^ui  PruHt  ia  jHirasitic  in  the  young  ovaries 

(if  many  njiecies  of  iVuitus,  and  produces  th» 

tiialfaraintion  of  the  fniit  known  u  "  Bladdw 

PhiTiiB,"    coutainiiig    a    cavity,    the    so-called 

"  jxiekel."  in   the  ]>lace  of  tlio  stoue.     In  th» 

fomiatioa  of  asci.  individual  dpIIk  of  tile  ca{n- 

ouily- branched  nijGcliimi  ramifying  b«twe«ii  the 

.unrerie    epidermic  and  cuticle  of  the  infected  part  be- 

ijniTsn    Qomg  greatly  swollen.     These  grow  into  olufa- 

;  ahaped  tuboa,  which  hurst  through  the  cutJoU 

,   and,   after  cutting  olf  a  ImsbI   stalk-cell,   ars 

■puns;  It,  italk-calls  ut  lbs  Asci;    usually  couverted  into  asci   with   eight  sporM 

tn.  BlamoMl.  of  tbe  loywliiim  eni   (fjg.    374).     The    nuiueroTis    asd    are   elowly 

'^:"tj:LrL:^:VX'-  ^^^-^^  ^'^"' «"» --^ """  •  ^^^-^ 

layer.  In  vonsnjuonoe  of  their  inorvaaed  torgsr, . 
resulting  from  au  excessive  absorption  of  water,  the  asuus-tubee  become  TUptund 
at  their  iVoo  extremities  and  ^ect  the  spoiea.  . 

The  spores  froiiueutly  germinate  vhile  sUU  enclosed  within  the  asci  (Fi^  Xit , 
"»  f^i),  *iid  give  rise  by  budding  tn  yeast-like  conldia,  t.ff.  SMatcvt  Pnmt.  , 

The  related  genus  Tajphnsa  is  parasitic  ou  leaves,  hut  its  mycelium  is  not 
jfcreiinial.    I.eavca  infected  with  this  Fiiiigii."  assume  a  .-iwltcd,  diseased  a|>p*arance. 

Order  3,  Ferlipotiaceae 

This  order,  which  includes  only  AKoniyettts  with  enclosed  fruotilioatiuns,  onin- 
prises  three  families :  the  Erijaijiliene  or  Mildew  Fungi,  the  Fcriiporitnt,  and  tha 
TubtTiKeiit,  Truffle  Fungi. 

1.  The  Eryiiplieae  form  a  family  of  distinctive  epiphytic  parasites  whoM 
mycelium,  somewhat  resembling  a  cobweb,  and  ramifying  in  all  directions  over  tha 
surface,  jiarticularly  the  leaves,  of  higher  plants,  sends  out  haustoria  which  peiov-  - 
trate  the  epidermis  of  the  host.  The  ripe  ascus  fructilioationB  (Perithecia)  ua  ^ 
black  when  mature  and  visible  to  the  naked  eye.  In  the  simplest  forms  {t.g.  itt 
the  genus  Sptiacrothecu)  the  spheroid  i>erithecium  encloses  only  a  single  moui 
with  eight  sputes.  Tile  ascus  arises  directly  from  the  end  of  a  fertile,  ascogenoiu 
hyphal  branch  after  the  ao[itation  of  a  stalk-cell.  It  is  enveloped  by  a  covering  of 
sterile  hyphs  produced  by  the  mycelium  at  its  base  and  forming  a  shoathlng 
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layer,  two  to  three  cells  dceji,  of  pseud o- parenchyma.  The  genus  Erytipke,  on  the 
several  ascE  which  arise  in  branches  from 
the  asoogenona  hyphie.  The  jierithecia 
are  irregularly  ruptured  at  their  apices 
and  the  sjiores  are  thus  set  free.  Before 
entering  upon  the  formation  of  ]>erithecia, 
the  Mildew  Kuogi  multiply  by  means  of 
conidia  abatricted  io  chains  (torn  special, 
erect  hyphie,  from  the  trp  downwards. 
The  Mildew  Fungus  of  the  GrBi>e-vine, 
Erijsipke  Tuelceri,  exhibits  only  such  con- 
idial  fructilications  ;  its  ascus-fruit  has 
not  as  yet  been  found  in  Europe.  In  its 
conidial  Torm,  known  as  Oidima  Tvtktri, 
it  is  a  highly  destructive  iiarasito  ;  to  «top 
itu  ravagCH  it  is  customary  to  dust  the 
vines  with  sulphur  and  copi-cr  aulphata  or 
tu  ]  ri  ikle  them  with  Bordeaux  mixture 
n   nl  tion  of  lime  and  copjier  sulphate). 


fUlni  •/lauc-,).  A,  Kudiiuaiib  or  the  incu*- 
fruit:/,  i-ulleil,  ri'rtlle  hypha;  H,  sterile 
liflibH- :  II,  fuunc  fruit ;  p,  vail  of  peTi- 

thechini  furiiiH.1  of  mirlla  liypbw  :  C.aliair- 
rijie  fruit  nitli  rl|B>  lucl  (rij  anil  ■  niimbet 


iiiywlliin 


rl<n,) 


.    (After  Ksv.) 


2.  Thc/'criii/Jiin'fnearccloiwlyrelated 
to  the  Eri/tiiihene,  but  are  saprophytic 
and  live  ou  decani i>osing  organic  matter.  > 
To  this  unler  lielong  two  of  the  most 
ciimDion  Monld  Kimgi,  Eu-rotiuiit  her- 
bariiiriiM  and  PrH-irilliiiui  iflaucuui. 
Ituth  at  tirxt  multiply  vxtcuHively  by  n 
l^rithecia. 

In  the  easi;  of  Kiirotinm  kerbariorum,  the  conidia  are  abstricted  ii 


&  munbcr  of  iteriguata  umnged  ndUlljf  on  the  apheriod,  Bwollen  ends  of  tbs 

couidiophnres  (Fig.  27S,  D).  The  coaidiophurvs  are  clonaly  crowdt-d  together, 
aud  uuoatitute  the  white  mould,  nftvrwiirda  turning  to  a  blaD-grern.  The  Fiiogiiii 
18  ft-eijuently  found  on  dmnii  yegct«bUs.  ftiiit,  brend,  etc. 


^ 


1.  an.-rr.tar  ntfum 


.    (AfletTi 


,IIHB.  (tum  V.  T*t: 


Ftnifillium  erutlaerum  miao  torma  a  very  coiuniou  blue-gnwu  mould,  putlon- 
larly  on  hrnad.  The  erect  conidiophorcs  conatituting  iho  mould  Me,  in  " " 
Terticilktely  branched  sod  bear  st  the  extremities  of  eaak  bnuich  Auk-aliaped 
cells,  from  which  the  chaim  of  conidia  are  abctriuCvd  (Fig.  276). 

Bpherioal  purithscia  of  Eurolitim  and  Fenitillivm  are  iiroducrd  Uter  on  tlw 
■Dfceliuni,  but  in  the  case  of  the  Utter  genua  the;  art-  only  rwely  found.     Ibvj 


SECT.  I  CRYPTOGAMS  355 

are  of  a  much  more  complicated  structure  than  in  the  Ery»ipheae,  They 
first  appear  as  spirally -coiled  fertile  hyphee,  which  soon  become  enveloped  by 
other  sterile  hyphie  (Fig.  275,  A^  B).  Entirely  enclosed  by  a  tissue  of  pseudo- 
jMireuchyma,  the  ascogenous  hypha  gives  rise  to  branches  penetrating  the  perithecial 
envelope  and  producing  numerous  asci  containing  eight  small  round  spores  ((7). 
In  the  ripe  ascus- fruit  the  walls  of  the  tubes  become  disorganised  and  also  the 
investing  pseudo-parenchyma,  except  tlie  outermost  layer,  which,  by  suddenly 
bursting,  releases  the  spores. 

3.  The  Tuberac4;ac  or  Truffle  Fungi  are  saprophytic  Ascomycetcs  whose  mycelium 
is  entirely  subterranean,  ramifying  in  humus  soil,  jvarticularly  in  woods  under 
decaying  leaves.  They  belong  to  the  Fungi  which  give  rise  to  the  formations 
known  as  Mycorrhiza  (p.  210).  The  ascus  fructifications  familiar  under  the  name 
of  truffles  are  underground  tuberous  bodies  (Fig.  277),  consisting  of  a  thick, 
investing,  cortical  layer  of  pseudo-parenchyma  enclosing  an  inner  mass  of  looser 
hyphal  tissue.  The  internal  tissue  is  traversed  by  air-passages  {d)  and  pervaded 
by  anastomosing  veins  of  more  compactly  united  hyplue  (c),  in  consequence  of 
which  it  has  a  marbled  or  veined  appearance  in  cross-sections. 

The  club-shaped  asci  are  disposed  in  nest-like  groups  (Fig.  277,  2)  throughout 
the  interior  of  the  tuberous  fructifications,  or  they  form  a  hymenial  layer  coating 
the  walls  of  narrow,  winding  chambers.  The  asci  contain  only  a  small  number 
of  spores  ;  in  the  case  of  the  true  truffles  (genus  Tuber)  they  are  usually  only  four 
in  number,  and  generally  have  a  spinous  or  reticulately-thickened  epispore.  When 
the  fructifications  are  fully  mature,  the  sterile  tissue  in  the  interior  and  also  the 
walls  of  the  asci  disajjpear,  leaving  the  ripe  sjK>res  enveloped  only  by  the  outer 
cortical  layer. 

The  fructifications  of  many  of  the  Tubcra^rcae  are  edible,  and  have  an  aromatic 
odour  and  taste.  They  are,  for  the  most  part,  obtained  from  France  and  Italy,  and 
from  the  neighbourhood  of  the  Rhine,  where  they  are  regularly  collected  on  account 
of  their  commercial  value  as  articles  of  food.  Of  the  edible  varieties,  the  most 
important  are  the  so-called  black  truffles  belonging  to  the  genus  Tuber y  viz. 
Tubrr  bruiaah^  nwiouosjiarum,  aesthmni,  mescntericum.  The  fructifications  of 
these  species  have  a  warty  cortex  of  a  black,  reddish-brown,  or  dark  brown  colour  ; 
the  two  first  named  frequently  attain  the  size  of  a  man's  fist,  and  often  weigh  over 
two  pounds.  The  white  truffle,  Choiromyccs  meandri/ormis,  which  is  also  edible 
and  resembles  a  potato  in  form  and  size,  is  light  brown  externally,  but  in  the 
interior  is  white  with  yellowish  veins.  The  fructificati<ms  of  Tuber  ru/um,  which 
are  about  as  large  as  a  walnut,  and  have  a  leathery  cortex  enclosing  a  hard  internal 
substance,  are  not  edible,  nor  are  those  of  Klapluunyces  (jranuiatuSy  the  Stiig- 
truffle,  wliose  yellowish-brown  cortical  layer  is  hard  and  woody  or  corky. 


Order  3.  Pyrenomycetes 

The  I'yrenoniye<tes  eomj»rise  an  exceedingly  varied  group  of  Fungi,  some  of 
which  are  para>iti(:  ui»on  ditferent  portions  of  plants,  j>articularly  on  the 
cortex  and  leaves,  and  others  are  saprophytic  upon  decaying  wood,  dung,  etc., 
while  a  fi'w  j^enera  occur  as  }>arasites  upon  the  larv<e  t)f  insects.  The  flask-shaj)ed 
fructitiiMtions  or  perilhecia  are  characteristic  of  this  order.  The  perithecia  are 
open  al  the  top,  and  are  covered  inside,  at  the  base,  with  a  hymenial  layer  of  asci 
and  hair -like  paraphyses  (Fig.  278).  The  lateral  walls  are  coated  with  similar 
hyphal  hair>,  the  paraj)hyses.  Th(?  sjjores  escape  from  the  perithecia  through  the 
aperture.     In  this  process  one  ascus  after  another  elongates  in  consequence  of  the 
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give  rise  to  branched  bypbal  filaments  Irom  the  apices  of  whicli  eouidia, 
case  termed   pvcmaPiniEs  or  pvl'no- 
['OMDIA,  are   abstricted  (Fig.  279,  1, 
2).     Tlie  different  kinds  of  fructifica- 
tions   iu    tlie    Pj/reno'wjcctta    usually 
make  their  appearance  in  succession. 

As  reprosentaljves  of  tbo  Pi/reno- 
myeelet  with  tree  perithecia  may  be 
cited  tbe  numerous  epecics  of  tbe 
genus  Spharria,  which  appear  as  jet 
black,  spherical  bodies  upon  dry  stems 
and  leaves.  An  example  of  a  species 
farming  a  stroma  is  alforded  by  Xtttria 
cinnabarina.  This  Fuiigiis  occurs  on 
the  driud  bratiubea  of  deciduous  trees 
and  produces  small,  nearly  round  or 
somewhat  elongated  stromata  of  a 
cnnnamon-red  colour.  At  first  tbe 
stromata  give  rise  only  to  (ilameutous 

oonidiophorea  IVom  wliieh  conidia  are  abstricted,  hut  they  alterwards  develop  siuilc«a> 
pcritheeia,     Xylaria  hypoiTylon,  common  on  rotten  tree-stumps,  i<rodi 


lit    \jito»^    f,   isttia 


h         m 

tute    disti 


fio.  irni.  — 1,  ConlillophoiT  I 
fmni  1  jiyenMliua  of  Crfp 
(After  BniraLaxlOO-)    - 


CRYPT00AM3 


branolitii  stromit  wliich  attains  a  lieigiit  of  several  centimetres.  On  tlie  tips  of  the 
iiranches  tlie  stroma  gives  riae  only  to  oonidia,  while  embedded  in  its  central 
portion  it  bears  numerous  peritliecia. 


BRRFr.i.ii :  C-II  nrirM-  Tl'LASsi: ;  li  |iholagra|jli 


Cl-itietfit  /lurjiiirrti,  tlie  Fungus  of  Ergot,  is  inii>ortant  on  account  of  its  officinal 
valur-.     It  ia  |Kirasitic  in  the  young  ovaries  of  different  members  of  Che  Qramineaf, 
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l)articularly  of  Rye.  The  ovaries  are  infected  in  early  summer  by  the  ascospores  ; 
they  become  overgrown  with  the  hyphal  filaments,  and  in  consequence  are  defoimed 
and  reduced  to  soft,  furrowed  bodies.  The  mycelium  soon  begins  to  foi-m  conidia, 
which  are  abstricted  in  small  clusters  from  short  lateral  conidiophores  (Fig.  280,  A). 
At  the  same  time  copious  exudations  of  sweet  fluid  are  extruded.  This  so-called 
HONEY-DEW  is  eagerly  sought  by  insects,  and  the  conidia  embedded  in  it'are  thus 
carried  to  the  ovaries  of  other  plants.  The  conidial  form  of  this  Fungus  was 
formerly  regarded  as  a  distinct  genus  under  the  name  of  Sphdcelia  segetum.  After 
the  completion  of  this  form  of  fructification,  and  the  absorption  of  the  tissue  of  the 
ovary  by  the  mycelium,  a  sclerotium  is  eventually  formed  in  the  place  of  the  ovary 
from  the  hyphae  of  the  mycelium  by  their  intimate  union,  especially  in  the 
l>eriphery,  into  a  compact  mass  of  pseudo-parenchyma  (Figs.  97,  98,  p.  87).  In 
the  centre,  the  tissue  of  the  sclerotium  consists  of  more  loosely  disposed  hyphap, 
and  is  of  a  lighter  colour.  These  elongated  dark-violet  sclerotia,  which  i)roject 
in  the  form  of  slightly  curved  bodies  from  the  ears  of  corn,  are  known  as  Ergot, 
Secale  cornutum  (Fig.  280,  B).  The  sclerotia,  copiously  supplied  with  reserve 
material  (fat),  eventually  fall  to  the  ground,  where  they  pass  the  winter,  and 
germinate  in  the  following  spring  when  the  Rye  is  again  in  flower.  They  give  rise 
to  bundles  of  hyphae  which  produce  long,  stalked,  rose-coloured  globular  heads  ((7). 
Over  the  surface  of  the  latter  are  distributed  numerous  sunk  perithecia  (Z),  E). 
These  stalked  heads,  several  of  which  are  formed  from  the  same  sclerotia,  and 
elongate  until  they  appear  above  the  ground,  are  ascogenous  fructifications,  and  are 
in  reality  stromata  with  perithecia.  Each  perithecium  contains  a  number  of  asci 
with  eight  long,  filifomi  ascospores,  which  are  ejected  and  carried  by  the  wind  to 
the  .flowering  ears  of  grain. 

Cor(lyc€j)S,  a  genus  closely  related  to  Clav^iccps,  is  parasitic  in  the  larvie  of  insects 
and  converts  the  whole  body  of  the  infected  larva  into  a  sclerotium,  from  which  is 
eventually  produced  a  long,  club-shaped  stroma  bearing  numerous  perithecia. 
In  this  case  also,  a  formation  of  conidia  takes  place.  BotnjUs  BnssUxna  causes 
a  disease  in  silkworms  known  as  Muscardiue.  Of  this  Fungus  only  the  conidial 
fructifications  are  known,  which  are  similarly  constructed  to  those  of  Claviceps^  and 
grow  all  over  the  dead  silkworm  as  a  snow-white  mould. 

Officinal.  —  Secale  cornutuhi  (Pharm.  germ.)  or  Ergot  is  the  sclerotium  of 
Claviccps  purpurea. 

Order  4.  Discomycetes 

The    Dii^comy cries    are    distinguished    from   the   other   orders   by    their   open 

gymnocarpous  apothecia,  which  bear  the  hymenium, 
consisting  of  asci  and  parajihyses,  freely  exix)sed  on 
their  upper  surface.  The  different  groups  exhibit  great 
diversity  as  regards  the  manner  of  development  of  their 
fructifications. 

The  great  majority  of  the  Discomycetes,  of  which  the 
genus  rezizaj   with  some   hundred  species,   may  serve 
as  a  type,  grow  on  living  or  dead  vegetable  substances, 
_  _  especially  upon  decaying  wood,  but  sometimes  also  on 

Fio.  2S].  —  I'r2i2»  attrtnitinw.    humus  Soil.     They  produce  saucer-,   lx)wl-,  funnel-,  or 
(After  Krombiiolz,  nat.  size.)    disc-shaped  fructifications  of  a  fleshy  or  leathery  con- 
sistency, and  usually  of  small  dimensions.   "  One  of  the 
largest  forms,  Pciiza  aurantiaca  (Fig.  281),  has  seven  centimetre-broad,  irregularly 
bowl-shaped  fructifications,  which  are  of  a  bright  orange-red  colour,  while  in  most 
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case  of  SeleruUnia  tubcr-ia-i  tbi-y  have  the  apiicaiiince  of  black  tuberous  bodies  and 

grov  ujun  the  dead,  underground  rliizoines  of  Anttmnt  neiiurroxi.     The  selerotia 

of  other  siierii-s  are  fomied  like  tlioae  of  Vlirriee/ia,  iu  infected  ovaries  (t.g. 
S.  Iiaaxiruia  ujioii  Vacdniinii  Mijrl illia).  In  the 
H|>ritig  the  sclerotia  germinate  and  give  rise  to  long' 
stalked  al>othecia. 

The  Fkacidiaccaf,  apfiearing  on  leaves  or  bark, 
fomi  a  a]iecial  group  of  DiaeoiiiijceUs.  RhytUma 
aferinum,  coinmon  on  the  leaves  of  the  Maple, 
IreloDga  to  this  THniily,  In  the  course  of  the  suiiinter 
it  forms  large  blark  iiicrustatiolia  of  pseudo-paren- 
chyma, from  which  at  llrst  only  contdial  fructilica- 
tions  arise.  In  the  autumn  the  rudiments  of  the 
aiiotliecia  are  formed  ;  they  do  not  develop  into 
■nature  a)>otlii-cia  until  the  succeeding  spring,  when 
they  make  tlii-iv  B]>iiearniirc  in  the  form  of  irregular 
Itssures,  nitli  a  yellowish  hymi'iiiuin  iijion  the  crus- 

u|)on  the  dead  leaves. 

The  higlu-st  ilevelo|iit].'iit  Is  exhibited  hy  the 
[•eculiar  fructi  Ilea  ti  oris  nf  the  Jftlvelliieeat  or  Uorel 
Fungi,  whose  itiyceliHiii,  like  lliat  of  the  Truffle 
Fungi,  vegi'tati's  iindiTgroun<l  in  the  hiimiis  soil  of 
wowls,  but  i)rocliices  soft  wax-like  aerial  rnictifica- 
tions.  In  the  nrmi»  ilnrrhrllK.  Morel  (Fig.  28;l),  the 
It  of  a  thick  cn-ct  stalk,  b.Mriiig  a  cluh-aha|>i.d  or  more  or  less 
■us.  which  liears  the  hymeniuni,  with  its  eight-sjiored  asoi,  on 


fnictiiieatioiis  c 


tlie  reticii lately-  iiidenlcil  cxttriar  surface  (Fig.  273,  p.  351).  The  MonihcllM  kn-l 
cdibU,  and  have  an  ogreeablu  tonbi  and  auivll,  iu  particular  it.  cacvlciUa  and  Jfl  r 
arnica.  Helmlla  ctculmiia,  nhicli  U  also  edible,  has  a  wliitiah  stalk  and  a  dwk-'  j 
brown  pileua;  but  Helvella  auiimta,  with  a  reddish -brown  pileus  and  a  diitj.l 
Qesh-coloured  stalk,  has  a  iuiubcoub  sweetisb  taati-,  and  is  regarded  with  suspioion 
Verpa  digilaH/o7~ituii,  which  baa  a  lang-stalked,  l^ell-sliajwd  pileus,  is  also  edibls.  I 
In  their  external  appearance  tho  rructiGcations  of  theae  highly-developed  2Mm»t  J 
myattf  greatly  reHemble  thoae  of  the  BatidiomyaUt. 

Iu  tbe  UelvetlaceotX'tie  production  of  couidia,  us  snacceasory  form  ofrnictifipatioii  1 
is  not  known  U>  occur,  but  iu  tbe  other  Ditto  my  atit  the  formation  of  couidia  fre-  1 
quenlly  takes  place  in  the  same  manner  ax  in  the  PyrenomyaUt. 


Sub-Class  6.  Hemlbasldii 

Just  as  the  Uemiasd  occupy  an  intermediate  position  between  the 
spomngiferous  Zijijomijaks  aud  tbe  Aecomi/uku,  the  Hemihisidii  connect 
the  conidia-bearing  Zi/</omi/cttrs  and  the  Jiasiditrnvjeeicx.  Their  conidio- 
phores  bear  a  close  resemblance  to  tlie  basidJa  of  the  Ba^diamyattt, 
but  differ  from  the  latter  in  producing  s|>ores  less  definite  in  fonn 
and  number.  Both  the  HemUmMdii  and  the  succeeding  sulxilaBS,  Ban- 
dioti\yeetes,  are  highly  organised  Fungi  with  septate  mycelia.  They 
are  devoid  of  any  sexual  mode  of  reproduction ;  the  asexual  formation 
of  spores  is  never  effected  in  sporangia  or  asci. 

The  IlemitHisidii  comprise  but  one  order,  the  Bruii'l  Finuji.  They 
are  parasites,  and  their  mycehum  is  found  ramifying  in  higher  plant^ 
usually  in  definite  organs,  either  in  the  leaves  and  stems,  or  in 
the  fruit  or  stamens.  The  Gramineue  in  particular  serve  as  host' 
plants  for  the  Brand  Fungi,  certain  species  of  which  are  in  a  high 
degree  injurious  to  cereals,  and  produce  in  the  inflorescences  of  Oat^ 
Barley,  \A'heat,  Millet,  and  Maize  the  disease  known  as  smut. 

At  the  end  of  its  period  of  vegetation  the  mycelium  of  the 
Brand  Fungi  produces  in  or  ujioii  tbe  host-plant  the  so-called  brand 
spores  by  the  formation  of  additional  transverse  walls,  and  by  the 
division  of  its  profusely  branched  hyphie  into  short  swollen  cells 
(Fig.  284,  A).  The  cells  become  rounded  oft'  and  converted  into 
spores,  while  their  cell  walls  undergo  a  mucilaginous  modification. 
Tlie  s[>ores  thus  surroiinded  by  gelatinous  envelojtes,  which,  how- 
ever, eventually  disappear,  tlien  become  invested  with  a  new,  thick, 
double  wall,  consisting  of  a  thin  colourless  endosporium  and  a 
thick  dark  -  colouretl  exosporium.  In  this  way  the  mycelium  ii 
transformed  into  a  dark -brown  or  black  mass  of  s[)oree,  Ai, 
regards  the  manner  of  their  formation,  the  brand  spores  may  be 
regarded  as  chlamydosjwres,  similar  to  those  formed  in  the  case  of  thS'' 
Ilemiasci  by  PmUniiyces  (Fig.  272,  p.  3.50),  and  occurring  also  in 
certain  of  the  Zygomijrxks  and  in  many  of  the  higher  Fungi.  In  the. 
formation  of  chlamydospores  by  the  septation  of  the  hyphfe,  an 
essentially  different  mode  of  spore -formation  is  exhibited  than  that 
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employed  in  producing  conidia,  which  are  abstricted  by  a  process  of 
budding  from  the  extremities  of  hyphal  branches.  In  Protomyces  the 
chlamydospores  form  an  ascus-like  sporangium  on  germination  ;  in  the 
Smut  Fungi,  on  the  other  hand,  they  give  rise  to  a  basidium-like  conidio- 
phore.  The  brand  spores  are  resting  spores,  they  are  scattered  by 
the  wind,  and  germinate  only  after  an  interval  of  rest,  producing 
conidiophores  in  the  succeeding  spring,  the  formation  of  which  is 
characteristically  different  in  the  two  families  of  the  Brand  Fungi,  the 
Ustilaginaceae  and  the  Tilletiar£a€. 


Of  tlie  Ustilaginaccaey  the  most  important  genus  is  Ustilago.  U.  scgctum  {=  U. 
Carbo)  causes  the  mildew  and  blasting  of  the  inflorescence  of  Oats,  Barley, 
Wlieat.  The  mycelium  pene- 
trates the  ovary  enclosed  by 
the  jmleie,  and  forms  dark- 
brown  dust  -  like  masses  of 
escaping  brand  s^wres  in  the 
place  of  the  seeds.  U.  Maydis 
produces  on  the  stalks,  leaves 
and  inflorescences  of  the  Maize 
tumour  -  like  swellings  filled 
with  brand  sjjores  in  the  form 
of  a  black  powder.  Other 
species  live  on  the  leaves  of 
diflVrent  grasses  ;  while  U. 
vhthicea  (=  U.  anthcrariua) 
'occurs  in  the  anthers  of  vari- 
ous Carophijllaccae  (e.g. 
Lj/chiiis),  and  fills  the  pollen- 
sacs  with  brand  s}K)res. 

The  brand  si>ores  of  Usti- 
lago  fall  to  thei  ground,  and 
after  a  period  of  rest  give  rise, 
on  g<Tminating,  to  a  short  tube 


FiCf.  284. — A,  Usiilngo  olivacecu  Mycelial  hypha  in  proceM  of 
forming  brand  spores  (x  400).  li-D,  UgtUago  tegetum:  if, 
germinating  brand  .spore  ;  cl,  cultivated  in  nutrient  solu- 
tion (x450);  t,  transversely  septate  conidiophores  with 
lateral  and  terminal  conidia  (r) :  (',  germinating  brand  spore 
lying  in  the  nutrient  solution  surrounded  by  ab8tricte<l 
conidia,  which  are  multiplying  by  budding  (x200):  D,  an 
aggregation  of  budding  conidia  (x350).  (After  Breheld, 
from  v.  Tavel.) 


which  becomes  si'ptated  by 
three  or  four  transverse  walls  (Fig.  284,  i?),  and  functioning  as  a  conidiophore,  pro- 
du(res  egg-shaped  conidia,  both  laterally  from  the  upper  ends  of  the  intermediate 
cells,  and  also  from  the  tij)s  of  the  terminal  cell.  When  abundantly  supplied 
with  nourishment,  and  also  on  cultivation  in  a  nutrient  solution,  conidia  are  con- 
tinuously abstricted  in  large  numbers  (Fig.  284,  C),  and  then  multiply  further  by 
budding  in  the  manner  of  yeast  cells  (C,  D).  After  the  food-supply  of  the  sub- 
stratum is  exhausted,  the  conidia  grow  out  into  mycelial  hyphte.  The  germina- 
tion of  the  conidia  in  the  damp  manured  soil  of  the  grain  fields  is  accomplished 
during  a  sajirophytic  mode  of  existence,  but  the  hyphal  filaments  which  are 
eventually  produced  become  i>arasitic,  and  penetrate  the  young  seedlings  as  far 
as  the  vegetative  cone,  where  the  inflorescence  takes  its  origin.  Then  the 
mycelium  continues  its  development,  ai»d  ultimately  terminates  its  existence  by 
the  production  of  brand  sj>ores.     No  conidia  are  formed  on  the  host-plant  itself. 

The  life-history  of  the  Tilldiaceae  is  similar  to  that  of  the  Ustilaginaceac.     The 
best  known  species  are  Tilletia  Tritici  (=  T.  Caries)  and  Tilletia  laevis,  the  Fungi 
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of  the  stink-brand  of  wheat.  The  brand  spores  of  these  species  are  also  produced 
in  the  ovaries,  from  which,  however,  they  do  not  escape,  but  remain  enclosed  within 
them,  filling  the  apparently  healthy  grains  with  black  brand  spores,  smelling  like 
decayed  fish.  In  the  first-named  species  the  brand  spores  are  provided  with  a 
reticulately  thickened  epispore  ;  those  of  T.  laevis,  on  the  other  hand,  are  smooth- 
walled.  Unlike  the  Uatilagin- 
aceae,  the  germ-tube  gives  rise 
only  at  its  apex  to  filiform  con- 
idia,  which  are  dis})osed  in  a 
whorl,  and  consist  of  four  to 
twelve  spores  (Fig.  285,  1). 
The  eonidia  also  exhibit  the 
peculiarity  that  they  coalesce 
with  one  another  in  jmirs  in  an 
H-fomi.  In  this  process  two 
eonidia  come  into  open  com- 
munication by  means  of  a 
bridge-like  connection  extend- 
ing from  the  middle  of  the  two 
cells,  a  form  of  coalescence 
which  frequently  takes  place 
between  the  mycelial  hyphae 
of  the  higher  Fungi.  The  fili- 
form eonidia  germinate  readily, 
and  produce  sickle-shaped  eon- 
idia at  the  apex  of  the  germ- 
tubes.    When  abundantly  sup- 

Fia.  2So.-TiUrtla  Tritici.     1,  Germinating  brand  »i>ore,  wit li  V^^^^^    ^'i^h    food   material,   the 

unseptate  coni<lioplion»  (r)  and  apical  filiform  coni<lia(r)  genu  -  tubes    grow    into     large 

(X300);  2,  a  KcnninatinK  liliform  conidium  bearing  n  mycelia,      from      which      such 

sickle-shaped  conidium  (X  400);  .3,  portion  of  mycelium  sickle  -  shaiK^d    conidia    are    so 

with  sickle  -  shaped  coni<lia  (x350).    (After   Brkkkld,  ',        ,        .'■        ,    ,   .   ,    ,         , 

from  V  Tavkl  )  abundantly     abstricted      that 

they  liave  the  appearance  of  a 
growth  of  mould.  Thus  Tilletiay  unlike  Ustllayo,  produces  conidia  of  two  fonns  ; 
but  in  other  particulars  the  development  of  both  groups  is  the  same. 

To  the  Tilletwccac  belongs  also  Urocystis  occtdia,  Rye -stem  blight,  whose 
brand  sjK)res  are  formed  in  Rye  haulms. 

The  transversely  septate  conidiophores  of  the  Vstihujinaccac^  and  the  unsep- 
tate  conidiophores  of  the  IHllctwccae^  produce  an  indefinite  number  of  conidia. 
In  the  group  of  the  Basidiomycdcs^  although  both  types  of  conidiophores  occur, 
the  number  of  spores  produced  is  definite,  and  the  conidiophores  are  then  termed 
basidia. 

The  formation  of  conidia  in  the  Ilemihasidil  repn'sents  an  original  form  of 
asexual  six)re-formation,  while  the  development  of  brand  spores  is  to  be  regarded  as 
an  interj)olated,  more  recently  acquired  mode  of  spore-production. 


Sub-Class  6.  Basidiomycetes 

Like  the  Ascomycetes  the  Basidiomf/cefes  form  an  extremely  variable 
group  of  Hyphomycetes,  with  septated  mycelium  and  devoid  of 
sexual  reproduction.     They  are  specially  characterised  by  the  forma- 
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tion  of  basidia  or  conidiophores  of  delinite  8ha[>e  and  size,  and  bear- 
ing a  fixed  number  of  Bpores,  usually  four  (in  exceptional  caaea  two, 
six,  or  eight).  The  basidia  ai)i)ear  in  two  chief  forms:  (1)  as  PROTO- 
BASiDiA,  the  conidiophores 
of  which  are  multicellular, 
having  either  the  upper  por- 
tion divided  by  transverse 
septa  {Fig.  286,  A)  into  four 
cells,  each  of  which  gives 
rise  to  a  spore  from  a  later- 
ally inserted  sterigma,  or  the 
basidia  are  divided  longi- 
tudinally into  four  cells  {Fig. 
28C,  £)  by  walls  intersecting 
at  right  angles ;  each  cell 
terminates  in  a  long  tubular  ( 
sterigma ;  (2)  as  aL"TO- 
iiAsiDiA,  with  unseptated 
conidiophores  (Fig.  286,  0),  ' 
which  give  rise  at  their 
apices  to  four  slender  sterig- 

mata,  each  bearing  a  8|Kire.      

The     transversely     divided 

|irot«basidia  have  their  prototype  in  the  conidiophores  of  the   Ustilu- 

ijiii'ircav  ;  the  autobasidia  in  those  of  tlie  TiUdinreae. 

In  addition  to  conidiopliores  difTerentiatcd  as  basidia,  the  Basidio- 
mijcetm  prmhice  other  forms  of  conidJa  as  accessory  fructifications,  also 
clilaniydos[K>res.  They  thus  possess  a  polymori)hism  in  the  forma- 
tion of  asexual  simres  in  place  of  a  sexual  reproduction,  which  is 
absent. 

According  to  the  form  of  their  Iiaaidia,  the  li'ishViomijceki  are 
classified  into  two  grou|)3,  with  the  following  European  orders. 

A.   I'rotohisid'wiiiii'-flei 

Order  1.    i'ln/iiiene,  basidia  transversely  septate;    gymnocarpous. 


or  AndojJM/Hwin  F.iiThorbia 
ihnni  (K).  and  Tammltae 
tuprctlnlf  to  tlie  orders 
d  Itjfmmitmjicttfit.    fA  after 


AuikiiUi, 

.  ruuc 


,,  „    angiocarpous. 

giludinally     septate ;    gymno- 


4.  Tn-mAliM«f 

carpous, 

fi.  Aiilolnisi'lwwijMUi 

5.  Hi/mniomi/cetes,    basidia    nnseptate ;    gymnocarpous    or 

h  em  ia  ngi  ocarpoii  s. 
G.   Giiitemmyrdtt,,  basidia  unse|)tate ;  angiocarpous. 
Iiese  orders,  the    C'rfdiiieiie,  Jfymeiiomyetes,  and  G<i$leiviii>/>-r:tf» 


are  the  mOBt  iniportant,  and  have  the  greatest  number  of  6pe4:ies,  while 
the  second,  third,  and  fourth  orders  inchide  only  a  few  forms. 

Order  1.  nredinaas  (Biut  Fungi) 
The  Fungi  of  this  order  inn  all  inJuriouB  parnuites.  Their  injcelium  lires  in 
the  intercellular  spaces  in  the  tissues  of  the  higher  ])lauts,  particularly  in  the 
leaves,  wliicli  theu  acquire  a  spotted,  rusty  appearance.  The  Rust  Fungi  are 
closely  allied  to  tlie  Brand  Fuugi.  Like  them,  they  poduoe  chlamydospores 
which  break  through  the  tissue  of  the  host  and  form  tbe  rust  spots  characteristic 
of  these  Fungi.  The  germ-tube  resulting  from  the  germination  of  a  chlamydosporn 
gives  rise  direotly  to  a  tmusvereely  septate  hasidium  (Fig.  286,  A),  ttma  which 
fonr  sterigtnata,  each  with  a  spore,  are  successiTely  developed.  Formvrly  it  was 
ouitomary  to  designate  the  transversely  divided  basidinni  a  promyceliiui,  and  tho 
basidiosporea  sporidia.  The  prooeas  of  ohlamydospore ■formation,  aa  exhibited  by 
the  Urtdinau,  undergoes  extensive  and  cmnplicatfHl  modidaationa  ;  very  frequently 
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three  distinct  forms  of  ohlamydospores  ore  produced  hy  the  same  Fungns,  &t  tha 

1.  The  TBLEUTOSPOiiKS  (winter  ajiorea)  whioli,  as  typical  chlaniydospores,  prob- 
ably constitute  the  original  form  of  s]xircs  jieculiar  to  all  the  species,  are  invested 
with  a  thick  wall.  They  are  rorijicd  at  the  ends  of  numerous,  doaely-clustered 
mycelial  hyphe  which  rupture  the  epidermis  in  small,  usually  more  or  less  round 
spots.  They  are  fraquenlly  joined  together  in  rows  of  two  or  more  (Fig.  288, 1,  B,  (), 
and  are  produced  in  late  summer,  toward  tbe  close  of  the  vegetative  period.  They 
function  generally  as  resting  spores,  and  after  hibernating,  germinate  in  the  apring 
and  develop  at  once  basidia,  bearing  four  spores. 

3.  The  tUEDCi SPORES  (summer  spores)  arise  in  the  same  or  similar  positions  to 
the  leleutoi pores,  but  precede  them  in  development.  They  genniaate  immediately 
after  their  dissemination,  produciug  a  vegetative  myuelinni,  and  provide  for  the 
multiplication  of  tbe  Fungus  during  tlie  summer.  They  are  unicellular  and 
eDvelopad  only  with  a  thin  wall  (Fig.  38S,  R  and  B). 

~  ,   which  are  produced,  prior  to  either  of  the  other  two 
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forms,  in  special  fructificBtioiis  or  «i'Tni*,  germinate,  like  the  uredosporM, 
directly  after  they  liave  been  set  frei-.  Tlie  Boidin  (Fig.  2S7)  are  amall,  at  first 
closed,  but  afterwardu  ojien  and  cup-shaped  bodiea  ;  they  rupture  the  epidermis 
ot  the  host-plant,  Bad  contain  a  liymenium  of  closely -crowded  mycolial  branches 
from  which  chaiua  of  roaud  or  polyhedral  apores  arc  produced  by  a  procesB  of  aepta- 


m  Ihmuitli  a  giii»--li»n1ii.  Willi  ttmnii  ot  b 
iponwitb  Iwa  Imiililiii;  9,  vugtrtaUvn,  t,  fmeUtyliig  gdr 

4.  nttti  TrLiKir, ;  S,  A,  nftei  Irs  Bakv,  t\ 


M  of  the  wcidia  ia  formed  oftlio  peripheral 


Turn :  1 X  lU,  S  X  drat  !3U,  & 

tion.     The  nnveloping  layer  i 
liy]>hai,  which  remain  HleriJe, 

[IredosjioniB  and  ivcidio«j)oreB  dilTer  from  the  teleato«parea  only  in  their  manner 
uf  germinating  vegctatirely  ;  in  the  mode  of  their  formatioD  they  are  to  be  regarded 
a<  ehhuDydoB]wrM,  which  »erve  a  iliitinct  biological  purpoae  in  the  dissemiuatlnn 
of  the  Fungus.  They  have  pniliably  been  evolved  from  teleotofifiorDs ;  occasionally 
trauaitional  forniH  between  teloutosporeH  and  uredoaporea  are  fonnd. 


Ill  the  lire-hUtory  ot  th«  ^raJiTicac  provided  with  such  triiuorphoua  chlomjdo- 
spores  Btill  another  aMxiial  Bporiftraus  fructification  occurx,  resulting  io  the  ]>to- 
ductioD  of  conidia.  Ic  this  case  the  conidia  are  formed  in  pyl'NIDIa  similar  in  form 
and  atrueture  to  those  eiliibited  by  many  of  the  higher  jIacuiayctUi.  The  pyc- 
nidia  produce  iuterQally  minute  conidia  on  filameatous  conidiophores,  the  so-called 
PTONOsPOKEs  or  PYCKOCOMlilA.  The  pycDidia  were  formerly  called  spermogonia, 
tnd  the  spores,  which  were  thought  to  be  sexual  cells,  were  then  termed  apermatia. 
The  pjcnoconidia  are  discharged  froin  the  mouth  of  the  spherical  or  fl&ak -shaped 
woeptftole  (Fig.  289) ;  their  further  development  on  the  host-plant  is  still  unknown, 
bat  they  may  be  induced  to  germinate  in  a  nutrient  solution.  The  pycnidia 
appear  in  spring  with  the  lecidia,  but  somewhat  earlier,  and  on  the  upper  side  of 
the  leaf,  while  the  Eccidia  develop  on  the  under  aide. 

The  Urtdinfot  thus  exhibit  a  great  variety  of  asexual  apores,  as  in  addition  to 
the  tlirce  chlamydospore  tonus  they  jToduce  two  other  kinds  of  conidia,  viz.  those 
formed  in  the  pycnidia  and  on  the  baaidia.  T)ie  different  spores  usually  succeed 
each  other,  according  to  tlie  seasons ;  scidiospores  and  pyuuoconidia  in  the  spring, 
uredospores  in  summer,  and  teleutoapores  in  autumn,  which  in  the  following  spring 
develop  ba3idio:^i>ores.  The  latter  germinate  at  once,  and  the  mycelinm  penetrates 
the  host-plant  and  produces  in  turn  lecidia,  pycnidia,  etc.  jEcidiosporea  and 
uredoapores  provide  for  the  disseminatiun  of  the  Fungus  during  the  vegetative  period. 

All  the  different  rumis  of  spores  arise  in  the  course  of  the  year,  either  on  the 
same  I  ost  \  knt  or  the  pycnidia  and  lecidia  may  occur  on  one  host-plant,  and  the 
uredo«]>ores  and  teleutosi-ores  on  an- 
other, often  unrelated  plant.  In  the 
first  CBsE  the  parent  Fungi  are  termed 

species  of  Allium  and  P.  Asparagi, 
the  Rnat  Fungus  of  Asjiaratjiisj ;  iu 
the  btter  instance  they  are  UETKK- 
(Erciii's,   and   an  altiTuation  of  hosts 


Au  example  of  nn  hetero'cious  Rust 
Fungus  is  afforded  by  Pucdnia  ifrain- 
init,  the  rust  of  wheat.      It  develops 
its    uredosiiores   and    ti-ltutos pores    on 
all    Ihc    green    jiarts    of   Ortimineat, 
especially  of  Rye,  Wheat,  Barley,  Oot», 
nfiiii,    TruuBvcnw  aectioii    to  which  its  [larasitic  mycelium  ia  e:i- 
ry  witli   B   jiyciiUliuin  in    tretnely    injurious.       The   lecidia    and 
xlM):  r,  escmyiiig  yyeno-   pycnidia  of  this  si«>oies  are  found  on 
J  ""in'nal'i""'!  *"«' ^    "'*  '''^"^   "'"  ^'^'^  barberry  (Berberii 
A  ou'ght^' •dtofiv  III  the  loiig    ^"ItP'risi-      In    the    sjrt-ing    the  hiber- 
gen    tuti-CxafiO)    (Aft*r  V.  T»vKL.)  natingdonble  teleutosporea  give  rise  to 

trKnsver?<ely  septate  baaidia,  from  nhicli 
tile  four  b{ixidioti[ioreH  .ire  almtricted  (Fig.  :iSS,  2).  These  ore  scattered  by  the 
wind,  and  if  they  full  on  the  leaves  of  the  Barberry  they  germinate  at  once. 
The  germ-tube  Jienctrates  the  cuticle,  and  there  forms  a  mycelium  which  gives 
riso  to  pycnidia  on  the  upper  side  of  the  leaf  (Fig.  280),  and  to  iecidiu  on  the  under 
side.  This  form  of  the  Fungus  is  known  as  .-Kcidiuiii  BerlieridU;  tlie  eecidium 
resembles  enseutiiilly  tliat  of  Pii«i«i'i(/BWo  iireviously  ligured  {Fig.  287).  On  the 
rupture   of  the   |>eridiuni   the  reddiah-yellow  iecidios|>ores  are  conveyed  by  the 


pycnldiun  { x  Hi)    3  genninatliiK  |i>*cn«pares 
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wind  to  the  liaiilms  of  grasses,  upon  which  alone  they  can  germinate.  The 
mycelium  thus  developed  produces,  particularly  on  the  leaf- sheaths,  primarily 
uredosporos  (Fig.  288,  5).  They  are  unicellular,  studded  with  warty  protuberances, 
and  provided  with  four  equatorially  disposed  germ-pores.  In  consequence,  the 
reddish  yellow  fat  globules  contained  in  the  protoplasm  of  the  spores  form  red 
markings  (formerly  termed  Uredo  linearis)  on  the  epidermis  of  the  host-plant. 
The  uredosporos  are  cai)able  of  germinating  at  once  on  the  same  or  other  cereals, 
and  thus  the  rust  disease  is  quickly  spread.  Towards  the  end  of  the  summer 
the  same  mycelium  produces  the  black,  thick-walled  teleutospores,  which  in  this 
species  are  always  double,  being  united  in  jtairs.  Each  teleutospore  is  provided 
with  one  germ -pore,  and  on  germination  in  the  succeeding  year  the  cycle  is 
begun  afresh. 

The  mycelium  of  the  Uredo  form  may  hibernate  in  winter  wheat,  and  thus  the 
rust  may  appear  in  the  spring  without  the  previous  formation  of  basidiospores  or  of 
{ecidia. 

Other  Rust  Fungi,  like  Puccinia  graimnis,  common  on  Gramineae^  and  having 
a  similar  development,  are  P.  Rubigovcra  (=  P.  straminis),  with  the  secidium 
form,  ^'Ecidium  Asperifolium  on  the  Borayineae,  and  P.  coronata,  with  the  corre- 
s[>ouding  form,  ^Ecidiujti  Rhamni,  on  Rhainnus. 

All  Uredincae  do  not  exhibit  so  complicated  a  course  of  development  as  Puccinia 
t/ra minis.  Certain  species  produce  only  basidia  from  germinating  teleutospores 
{c.ff.  Puccinia  Malvucenruiiiy  now  very  common  on  the  Malvaceae,  but  originally 
introduced  from  Chili).  Piucinia  histortac  on  Polygonum  historta  gives  rise,  in  addi- 
tion to  teleutosiK)res,  only  to  uredosjwres  which  are  developed  on  the  same  host. 
Piorinid  fusca  produces  pycnidia  and  aecidia  (Fig.  287),  and  afterwards  teleuto- 
spores on  the  leaves  of  Anemone  ncmorosay  but  no  uredospores.  In  the  develop- 
ment of  various  forms  of  chlamydosiK)res,  either  a  different  degree  of  advancement 
is  thus  manifested  in  the  different  groups,  or  by  a  process  of  degeneration  one  or 
other  spore -form  has  been  lost.  There  are,  moreover,  species  whose  reproduc- 
tion is  effected  chiefly  or  exclusively  by  uredospores  or  by  aecidia.  In  such  cases 
it  must  be  iufern-d  that  as  the  result  of  the  environment  the  production  of  teleuto- 
spores lias  been  almost  wholly  or  altogether  sui)pressed.  For  example,  it  is  stated 
that  in  the  tropical  climate  of  Ecuador,  Uromyces  Fahae  on  Vicia  Faha  multiplies 
solely  by  means  of  uredospores. 

In  the  case  of  the  hetenecious  species,  it  is  only  i)ossible  to  demonstrate  the 
connection  between  the  different  si)ore-forms  by  means  of  culture  experiments.  So 
long  as  the  relation  of  the  <lifferent  fonns  was  not  known,  it  was  customary  to 
designate  each  by  a  special  generic  name  ;  the  Uredo  forms  as  Uredo  ;  the  .^Ecidia, 
accord inf^  to  their  structure,  as  ^Ecidium,  Rocstelia,  Peridermium,  etc.  The 
generic  nanie  is  now  determioed  by  that  of  the  teleutospores,  as  they  exhibit  the 
most  characteristic  distinctions. 

Many  of  the  f'rcilimac  are  injurious  parasites,  e.g.  Gymnosporangium  Sabinne, 
whose  teh'Utospores  develop  on  Junipcrus  Sabina,  while  the  aecidia  and  pycnidia 
occur  on  Virus  Communis.  The  lecidium  produces  the  so-called  lattice  rust  on  the 
leaves  of  the  jM'iir  tree,  and  has  been  termed  Rocstclia  cancellaia.  The  Rust  Fungus 
found  on  tin*  needles  and  Iwirk  of  various  species  of  pines,  and  formerly  known  as 
P  ridrrmium,  is  due  to  sac-shaped  aecidia,  which  belong  either  to  the  genus  Coleo- 
sjHi/'iu/n,  whose  uredo-  and  te  leu  to -forms  occur  on  the  Composttae  and  Rhinanihaceae, 
or  to  the  genus  Cronaytium,  with  uredo-  and  teleuto-forms  on  Vincetoxium  and 
J!ih,s.  Especially  destructive  to  the  tropical  coffee  culture  is  Hemileia  vastatrix, 
which  produces  both  its  uredospores  and  teleutosjiores  on  the  leaves  of  coffee  plants. 


Order  3.  Aviienlarieas 

Tlie  bBaidU,  as  in  tbo  cnae  of  the  Umliaea/;  m-e  transvoisely  HcpUto,  wilh  four 
loug  sporifcruiia  sterigiiinta ;  they  spring  directly  from  tie  iityuelium  without  Kiy 
previous  forniatioii  of  chhimydosporBs.  But  few  fornut  are  includL-d  in  this  order. 
Among  the  moat  familiar  is  AttrUiiJaria  »ambuci«a  {Judas'  ear),  fouud  on  old  Elder 
stems.  It  has  gelatinous,  dark-bron-n  fnutiticatiaiis,  which  are  shell-sliaped  and  bear 
on  their  inner  sides  the  liwidial  hyinenium. 


Order  3.  FilacreM 


occurring  on  the  Inrk  of  deciduous 
ir  eesailo  spores  arise  within  stalked, 


■  This  order  ooraprjaes  enly  the  genus  Filacre, 
trees.  The  tranarersely  septate  baaidia  n-ith  fi> 
oapitAle  fnictiKcations  which  attain  only  a  smal 

Order  4.  TremeUineae 

The  ba^idia  are  longitudinally  dividiKi  [Fig.  286,  £).  The  hymeniuni  is  situated 
on  tlie  surface  of  the  fructifications,  which  uv  generslly  gelatinous  and  irreguUrljr 
lobed  or  folded.  Tlie  few  genera  included  in  this  order  an?  saprophytic  on  deoayin^ 
wood  and  tree-trunks,  from  whose  surface  the  frnctiticationa  are  produced. 


Ord 


^^i^^'^ 


Pio.  300.— R  mU 
hjruuniliil  la  ai 
panphyga 


Bymenomycetei 

res  at  Che  ajiices  of  slender  sterjg- 
these  autoliasidia  9|>ring  directly 

stalked  fructificittions  surmounted 
by  a  onp-liko  oj;p»aBion,  tlie 
I'lLElB,  are  produced,  which 
bear  definito  hjnieuia]  layers, 
composed  in  addition  to  the 
basidia  of  jiamphyses  (Fig. 
290,  p),  and  also  of  iterile 
cyatids  (r)  or  i^liib  -  shainl 
tubes  characterised  by  their 
larger  diameter  and  more 
strongly  thickened  wftU.  In 
this  order,  in  contrast  U>  the 
Undineat,  the  formatioii  of 
chUniydosiHiteB  Is  of  rare 
ocpiirrenoe,  and  is  correspond- 
ingly of  subordiaato  iujjiort 

Moat  of  the  Uymtnomy- 
tftca  develop  their  profhtely 
branched,  white  myeelium  in 
the  humua  soil  of  foreata  or 
in  decaying  wood,  and  pro- 
duce fruetilications,  often  ef 
The  niycelituu  of  the  forms 


oonaidei-able  size,  protruding  from  the  snlstratum. 

vegetating  in  the  aoil  spresits  further  and  further,  and  dying  in  the  centre  aa  it 
exhauata  the  food  material  of  the  substmtmn,  occnpica  conlinnally  widening  con- 
Bentric  zones.     In  consequence  of  this  mode  of  growth,  where  the  deveto}iinent  hM 
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been  aadistnrWi).  the  fructmcAtioDa  wlijch  a[i[>ear  in  sutiiniu  forni  the  so-mllcKl  taiiy 
rings.  These  rings  ma;  ■ttniii  n  diameter  of  ocveral  metres  ;  the;  aro  formed  not 
only  by  ffj/tariuiMyrelts  l,t,y.  Amanita  iiuaatna,  BoUttin  tdalU),  but  also  by 
the  Morehellas  udodk  tbe  AKontyerln.  A  few  H)fiiuMomyeetei  are  parasitic,  and 
vegetate  in  the  bark  ur  wood  of  trees.  Of  snch  paruitic  farms  ATmillaria  mellra, 
whose  mjeeliuiu  vegetates  between  the  bark  and  wood  of  Conifers,  is  a  Hsmiliar 
example.  The  profnacly  branchitig  mycelial  hypluv  undergo  a  reraarkalile  modificai- 
tion  (Fig.  2(11},  and  become  interwoven  into  flat,  black  strands  from  which  fine, 
hair-like  hyphie  are  seat  out  and  penetrate  the  wood  for  the  absorptioti  of  nnarish- 
ment  It  is  from  these  straniU,  known  aa  Rhieomorfiu,  that  the  stalked,  cajiitAte 
fmctifications  are  cvcjitually  produced.      In  addition  to  the  subcortical  strands, 


Bpiilvmiln ;  p.  coTtleal  parencbynia ;  *»,  mroelisl  hn>ll>*'  : 
b%   piQtmdlDg   baildla  vltlioDt  ularlgmala ;   h",  nltti 
tram  r.  Tkvti. ;  |  nal.  >Ih.)  rtuHmentarr  iteilginsla ;  d"'.  with  four  iparei.    (Arter 

WoRaHin.  X  alD.) 

sabterraiMaii  myeelial  ttranda  ore  devclojied  which  pervade  the  soil  and  infect  the 
roots  of  other  trees.  The  rhizomorplm  may  also  be  regarded  as  a  form  of  sclerotia. 
Ooprtniu  Xen»rariia,  another  Fungus  of  this  same  family  growing  in  cow  and  horse 
duug,  forms  also  small,  rnund,  black  sclerotia. 

Tlie  Bymeaaaiyrda  are  further  cluseilied  aooording  to  the  iucreaaiug  complexity 
exhibited  in  the  structure  of  their  baaidial  fructificstions. 

1.  In  >  few  genera  no  distinctive  fruotilications  are  formed,  and  the  autobaiidia 
s|iring  in  irregular  groups  directly  from  the  mycelium.  Ejufxitidium,  t^iuxinii  may 
bo  taken  aa  a  type  of  this  fonn.  The  mycelium  of  this  Fungus,  which  is  widely 
spread  in  Europe,  is  parasitic  in  the  Eritacrat,  especially  on  species  of  Kaednivita ;  it 
causes  hypertrophy  of  the  infected  parts.  The  basidia  are  formed  in  group*  under 
the  opidermis,  which  tboy  finally  rupture  (Fig.  292).  In  this  genus,  la  iu  many 
others,  acceswity  rrnotiScations  are  developed,  and  as  spindle-shaped  conidia  are 
■batricted  before  the  formation  of  the  hasidia  fVom  the  mycelium  on  the  surface  of 
the  hoat-plaul. 

2  B 
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2.  In  the  gniu(i  of  the  Thtlephimai,  diatiattive  rrucdQuBtiDus  of  a.  simple  type 
■re  fnund.  They  tie  compoaed  af  closely  iuterwovrn  hypbiE,  and  form  on  the 
tranks  of  trees  either  flat,  Usthery  incruBtationa  bearing  the  hymeniuro  on  their 
sniKiCh  upper  Burraces  ;  or  the  flat  ^'nctificationa  beooni?  raisod  above  the  BubBtratum 
am]  fonn  brackEt-lihe  jirojectionH,  which  Trequently  ahow  an  imbricated  amngemcDt, 
and  bear  the  hymeniilm  on  the  under  side  (t.g.  Stcreum  hirtutu iii,  common  on  the 
stemB  of  decidaouB  trees). 

S.  The  iructificationB  of  the  Clavarieae  ore  also  gymnocarpous,  having  the 
hymetiium  on  their  upper  aurlacta.  They  form  erect  whitiah  or  yellow  coloured 
bodies,  either  fleshy  and  club-shaped  or  more  or  lau 
branched,  resembling  coral  {C/avaria,  Fig.  263).  The  lat;gaT 
profusely  braoched  forms  of  this  group  are  highly  esteemed 
for  their  edible  qualities  ;  in  particular,  Clacarin  Jlavrt, 
whose  Dcshy,  yellow-coloured  Ihiclificationi  are  often  tan 
centimetres  high,  also  Clararia  coralloidu  and  Spanan$ 
criapit,  which  grows  in  sandy  boU  in  Pine  woods,  baring 
fructifications  half  a  metre  thiek,  with  compressed  leaf-like 
branches. 

4.  The  Bi/dntac  have  fructificatiouB  with  spinous  jiro- 
jectiona  over  which  the  hymenium  extends.    In  the  ajmiiler 
forms  the  fractificationa  have  the  appearance  of  incrusta- 
Flu.  2i*a.— Clureriu  uiimii-    tions,  with  spinous  ontgrowths  iirojecting  from  the  Dpper 
liaai.   (Nit.  wine.)  anrfaee  ;    in   other  cases   they   have  a   stalk   termed  the 

RTIPK,  bearing  on  ombcella  -  like  enpansion,  the  riLEt's, 
from  the  under  aide  of  which  the  outgrowths  depend.  The  latter  form  is  exhibited 
by  the  edible  Fungi  Hydnum  iinirUatitm,  which  has  a  pilcns  15  cm.  wide,  and 
Bydnum  npandam  (Fig.  2114),  with  a  yellowish  flesh-coloored  pileus. 

5.  In  the  Folj/panat  the  stalked  or  sessile  and  bracket -shaped  fravtifications 
are  indented  ou  the  under  side  with  pit-Uko  depressians,  or  deep  winding  pwsagea, 
or  covered  with  a  layer  of  tubes,  closely  flttet!  together  and  lined  by  tlie  hymeniutn. 
To  this  family  belongs  the  genus  Jjuletna,  which  baa  a  large,  thick-stalked  pileus, 
covered  on  the  under  side  with  a  layer  of 
narrow  dependent  tubes.  Although  naany 
species  of  this  genus  are  edible  leg.  B. 
Inttut,  B.  tdyilis,  B.  xabtr),  others  are 
exceedingly  poiaonons,  in  particular  B. 
SalawM  {Fig.  2ih).  Tbis  latter  Fnngus 
lias  a  yellow  to  reddish -purple  stalk,  with 
red  reticulate  markings  above,  while  the 
pilous,  which  may  be  20  cm.  wide,  is  yel- 
lowish-brown on  its  upper  surface,  but  on 
the  under  aide  is  at  Bret  blood'red,  becom- 
ing later  orange-red.  Of  the  numerous 
species  of  the  genus  Poltipona,  P.  fomta- 
/ariua.  Touch-wood,  is  oHiuinal  (FtlNQija 
CHiMUBQORtTM).  Ita  mycelium  is  parasitic 
in  (leoiduoUB  trees,  especially  the  Ueech, 
and  produces  large,  bracket  or  hoof-shaped 
perennial  frueljliciitions,  SO  cm.  wide  and  15  cm.  thick.  Tijey  have  a  hard,  gray 
external  surface,  but  inside  are  oomfioaed  of  softer,  more  loosely  woven  hyph*,  and 
were  formerly  lued  for  tindei.     The  narrow  tubes  of  the  hymen 
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tb«  undi^r  side  of  the  fructilic 
2S6),  whicli  is  otUn  founil  c 
brown  colour,  •Q'I  fiirnUliea, 


nnal  layers.  J',  t'lfnianua  (Fig. 
similar  atnicturp,  liu  rt  rusty- 
pooror  <|iiBlity  of  tinder. 


Mauy  lataaitio  Pali/porrac  ire  liiglily  injorious  to  the  ttves  uttered  by  tlieni  ; 
thus  lletrrubitiiidiaH  annoaum  ol'len  causos  the  death  of  wlmlo  fopeata  of  Pines  ami 
tijirucci  Fira.  Mtniliut  laciymAa  ia  an  exceedingly  dangcroua  saprophytic  sjieciea, 
attacking  and  destroyiiig  the  timbisr  of  damji  houses.  The  mycelium  of  this  Fundus 
Tormi  largo,  white,  foiled  masses,  giriug  rise  to  outspread,  irregularly -shaiied,  pitted 
TniotiGoations  of  an  ochre  or  rusty-brown  colour,  aud  covered  with  a  hymenial  layer. 
As  remedial  measures,  good  veDtitatioD  should  he  aecureil,  and  the  wood  soaked  witli 
carbolic  acid  or  (wtrolemn. 

0.  Tlie  AgaTKinait,  which  include  the  greatest  number  of  species,  have  stalked 
^  fmutificatioiis,  commonly  known  as  Mushrooms  aud  Tuailstools.  The  under  side  of 
the  pileua  bears  a  number  of 
radially  dispoaed  lamelbt  oi' 
gills  which  are  covered  with 
the  baaidia- producing  liynieii- 
ium.  In  the  early  stages  ol 
llieir  formation  the  fniotilii';i 
tioDsconaistof  nearlysphi^rit'iil 
niBMea  of  interwoven  hy]>hi>'. 
In  which  the  stalk  sad  pn>'ii~ 
become  diflerenliul-''! 
The   rudiments  of   tlie   !<liilk 

iu  •  loosely  woven  euvelo|->,        Mud.'Tn™^' "(i'wl.'rt^  ""  ™  '""""  "  '"""'  "' 

In  the  course  ol' 
the  further  development  and  eloupition  of  the  atalk  the  volva  is  ruptured,  and  its 
torn  remnants  form  a  ring  or  sheath  at  the  base  of  the  stalk,  but  in  msny  cases 
its  development  renisins  rndimeiilary.       The  fruclificationa  are  accordingly  huiiii' 


l/aiortH.    S«elli*i  thtoUKb  an  old  ft 
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I,  ami  eiiolo8(<(l  dining  thdr  early  BUges.  In  the  "Fly  MiiBhroom,' 
*(viii<i,  tha  vulva  is  wkII  (iL-vulnjied,  and  after  iU  nipture  it  is  still  traoe- 
ahle  in  the  whiu  scales  conspicnoua 
on  the  r»d  mrface  of  the  pUeui,  and 
also  on  the  swollen  base  of  the  stalk 
(Fig.  2B7). 

In  addition  to  the  voira  nianjr- 
Agtiricin'oe  develop  a  so-callod.' 
VELUH,  CDnaiatiog  of  a  thii 
braaeofhyphal  tissue  which  DXteniU 
in  young  rructifications  from  the 
atalk  to  the  margin  of  the  pileus, 
nud  encloses  the  hymenial  lamelhe. 
Thiacorering  ia  aftemrds  roptlired, 
and  remains  as  a  pendulous  rin;;  of 
tissue  or  ASHn.P8  inkrucs  eaciro- 
ling  tlie  stalk.  This  ring  is  very 
[leroeptible  on  the  stalks  of  Jrmil- 
/aria  mrllm  (Fig.  291)  and  the 
cnltivated  mualiroom  or  champignon 
Paaliiota  mmpalru  (Fig.  £9S). 

In  the  majority  of  Jgarieiiuaa 
the  lamellie  are  developed  as  fn^ 
ouIgRiivtba  from  the  under  side  of 
the  pileus.  In  the  case  of  Ainanita 
mimatria  the  manner  of  their  de- 
velopment is  different,  and  they  arise 
by  the  diffetentiatton  of  a  homo- 
geneous hyphnl  tissue  in  the  interior 

of  the  dome-shaped  nidiment  of  the  pileus  residtjng  in  the  separation  of  the  hypht» 

into  radial  plates.     The  lamellie  thus  formed  are  merged  at  the  marj^  ot  the  nidi- 
-nientaiy  pilaus  into  a  neutral  layer  of  uniteil 

fayphue   connected    with    the    stalk.      As   the 

pileus  expaude,  thia  layer    becomes    loosened 

from  the  lamelhu  and  remains  hanging  to  the 

stalk  as  an  upper  ring,  a.nn(.'lus  ai'PF.niis  (Fig. 

2B7). 

Many  of  the  Mushrooms  found  growing  in 

the  woods  and  fields  are  highly  esteemed  as 

artiolea  of  food.     Of  edible  species  the  follow- 
ing may  be  named :  the  common  Field-Uush- 

room,    now    extensively   cultivated,   I'm/I iotu 

aimpeMrit  (Fig.  298),  with  whitish  pileus  and 

lamella  at    first    white,    then   turning    fiesh- 

colour,  and  finally  becoming  ohocolato-coloui'ed  ; 

GanOiarcllua  ciiariiu,  having  an  orange-coloured 

pileus ;  Ladatius  deliciomti,  which  has  a  red- 
dish-yellow  pilous,   and   contains  a  similarly 

oolonred  milky  juice  in  special  hyphal  tubes ; 

Z«fno<<l  proetni,   whose  white  pileus   is    flecked    with    brown    scales  ; 

eiM«ar«a,   in   the   south  of   Europe,   related  to   the    poiaonoua   apeeiet 


\ 


Til  thF  light,  ■ 
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muaoinii,  tnit  hiring  only  a  few  Urge  jMtcheB  of  tile  voIv>  reiu&LDing  altached  to 
iW  red  pileus. 

Of  the  poiaonous  Affaridnear  the  following  are  heat  known :  AmanUa  mtuearia 
(Fig.  '297)  ;  Jmaniia  paTiititriiia,  wliicii  hu  a  brown -coloured  jiiieDS  studded  witli 
white  protuberances  ;  tCusmla  emellea,  with  a  red  pileua  and  wliite  lamelhe  ;  Lae- 
taniu  lermhioata,  having  a  shaggy  yellow  or  reddiah-browB  piieus  and  white  milliy 

Haata  goagylapkora,  found  in  South  Bnuil,  ia  of  eapecidl  biolugicai  interest. 
According  to  A.  MiiLLBB,  tliia  species  is  regularly  cultivated  iu  the  umta  oF  tlie  !eaf- 
cuttin)!  anta.  Its  mycelium  producet  spherical  sweltbga  at  the  ends  of  the  hyphee, 
which  become  filled  with  protoplaam,  the  HO-oalled  Kohl-rabi  brawls,  and  lervp  the 
knts  as  food  material.  The  ants  prevent  the  deTelopnient  uf  the  accessory  conidial 
fructilications  peculiar  to  this  Fungiu,  and  thua  continually  maintain  the  mycelium 
in  their  nesla  in  its  TegetatiTe  condition.  The  fructifications,  which  rarely  occur 
□n  the  n«ts,  resemble  those  of  Aina- 
Hila  ntiuairia,  with  which  Sviilrm  is 
nearly  allied. 

Ovrwivxu  —  Poliiporwi  /omm- 
tartHa  (Funors  [■BlHttliGORITM),  the 
only  oHJoinal  species  of  the  HyitrHi,- 
myettes. 

Order  s,  Oasteromycetes 

The  a.aljirui»yc.M»  are  .listiu- 
gniahed  from  the  Hpneniimyctlo  by 
their  angiocarpous  or  encltraeil  fructi- 
ilcatiuiis,  which  open  only  after  the 
•pores  are  ripe,  by  the  rupture  of  the 
outer  hyphal  cortex  or  pkrtihum. 
The  spores  are  formed  within  the 
CrnotiliGatiuiu  in  an  inner  mass  ol 
tissue  termed  the  oleda  ;  it  uonlains 
uumerons  chambers,  which  are  either 
tilled  with  loosely  intcrworen  hyplue 
witti  lateral  branuhes  terminating  in 
basidia,  or  whose  walU.  designsled 
the  trania,  are  lined  with  a  biisidiul 
hyroenium. 

The  Gruleromi/rftet  are  sapro- 
phyles,  and  iievelo|i  their  mycelium 
in  th*  humus  soil  of  woods  and 
■neftdawa.  Their  fructifications,  like 
those  of  the  ifymfntnti//frfrii,  are  raised 
above  the  mrface  of  the  suhstmtuni. 
eSDcpt  in  tb*  group  of  the  Bymmo- 
j/astrrae,  wliioh  ikiwhms  subterraiieau, 
tuberous  fnictihcatious  resauibliug 
those  of  the  Tuheraaof. 

The  rruclificalions  of  the  diOerent  genera  exhibit  great  direraity  in  their  stmc 
ture  and  mixle  of  fonnation. 

The  fhictifications  of  Sclcrailrrma  nU^tn  (Fig.  26S)  have  a  comparatively  simple 
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otmotore^  They  ore  nearly  sphenual,  usually  about  5  cm.  thick,  and  hare  »  thick, 
light  bronn,  leather;  jieridiiim  which  finally  becomeB  cmoked  and  ruptured  at  the 
ii]i«x.  The  gkba  ia  black  when  ripe,  and  coutaitiB 
uutucrotis  chambers  filled  with  interwoven  hypliie  whii:h 
produce  lateral,  pear-shaped  basidia  witli  four  seAsite 
Bpores  (Fig.  299,  2).  Tliia  sjieciea,  which  is  cunsidered 
poisonous,  is  sametinies  nia- 
Mken  for  one  of  the  Truffle 

Tlie  genera  BovMa  and 
Lj/cbptTdon  (PulT-balls)  have 
soo.  —  Ourihilunt  til-  also  spherical  fructification  a, 
c  Longltudinil  ■KUon  which  are  at  Urat  white,  and 
M  clo»d  ftuctiflraiion.  \^XKt  of  a  brown  colour,  lu 
'  the  last-named  genus  th^y  are 
also  stalked,  and  in  the  case 
of  Li/atperdoH,  Boriata  may  even  become  half  a  metre  in 
diameter.  The  peridium  ta  formed  of  two  layers ;  the 
outer  disappears  at  maturity,  while  the  inner  dsbiHces  at 
the  sunirnit.  The  byraeoial  layer  of  basidia,  in  the  Funfip 
of  this  group,  Ibo  the  ohnmhers  of  the  glehn.  The 
uhambera  are  also  provided  with  a  librous  oapillitiiim  con* 
sisting  ot  brown,  thiuk  ■  walled,  brani-hed  hyphie  which 
spring  from  tho  walls,  and  in  niie  IrnctiGcatiana  liti  the 
whole  internal  i^avity  with  a  brown,  fibrous,  feJted  maea 
containing  the  siwren.  The  fibres  correspond  biologically 
Ui  the  capillitia  of  Myxomycetea,  although  different  mor- 
phologically. The  fnlotifications  aru  edible  while  still 
young  und  whit«,  and  have  an  agreeable  taste,  but  when 
ripe  they  ore  dry,  and  were  formerly  used  for  stopping 
the  flow  of  blood. 

In  the  related  genns  Gmuler  (Eai-th-stnr)  the  peridia 
of  the  nearly  spherical  fructifications  are  also  composed  of 
two  onvelopea.  When  the  dry  fruit  dehisFes,  the  outer 
envelope  splits  into  several  stellate  segments  and  the 
inner  layer  of  the  peridium  boconies  perforated  by  an 
apical  opening. 

The  fnictificaCiona  of  CrueibtUnm  and  of  other  related 
genera  have  an  altogether  different  stincture.  They  1 
develop  on  rotten  wood  or  on  the  ground  as  small  white  j 
or  brawn,  olip-ahaped  bodies  (Pig.  300),  containing  a 
number  of  stalked  or  seasile,  thick-walled  poridiola.  The 
poridiola  ore  produced  by  thedifforontiationof  the  internal 
tissue  of  the  glebo,  unused  portions  of  which  become  dis- 
solved. They  are  Isntioular  in  shape,  and  enclose  an 
inner  cavity  lined  with  the  hymcniuni.  The  frnctifica- 
tione  are  at  flist  closed  ;  when  ruptured,  the  peridium 
forms  ■  crucible- shaped  receptacle  cantainiug  the  peridiola. 

The  highest  development  of  the  fmctificationa  is 
exhibited  by  the  Fhalloideiu-.  of  which  Fhaltiu  impiidicvs 
(Stink'hom)  is  a  welKknoivn  eiample.    This  Fnngus  ia  nsnolly  regarded  u  poisonous. 


tint  110  poiBonotu  eSecU  li&ve  beon  proved.  It  \!«a  Ibrmerl;  omplof  h1  iu  a  wive 
M  a  remedy  for  gout.  Itii  fruutification  reuallB  that  of  the  DiscomjcGtons  Mor- 
thtlla,  but  it  has  quitfi  a  different  manner  of  developmeiit.  A  fractification  uf 
tliis  apecira  or  FhaUui  is  about  15  cm.  high.  It  has  a  thick,  hollow  stalk  of  a 
white  colour  and  is  porforatwi  with  pores  or  chambers,  fiurmouutiiig  the  stalk  is 
B  bell'Shaped  pileua  covered  with  s  brownish -green  gleba  which,  when  ripe,  is 
eoavcrtod  into  a  slimy  mass  (Fig,  301).  When  yonog  the  tructification  forms 
a  white,  ^g'Shapid  body,  and  is  wholly  enveloped  by  a  double-walled  peridium 
with  an  intcnnedifkl  gelatiuDUB  layer.  Within  tlie  pbridic'U  (also  tenned 
volva)  the  hir[Jial  tissue  becomes  dilTer^ii tinted  iuto  the  axial  stalk  and  the  bell- 
shaped  pileuH,  carrying  the  gleha  in  the  rono  or  a  mass  ol  hyphal  tissue,  which 
contains  the  chambers  and  bosidial  hymeiiiuin.  At  maturity  the  stalk  becomes 
enormouslj  elongated,  and  pushing  through  the  niptured  peridium  raises  the  pileiw 
with  the  odbDritlg  gleba  high  above  it.  The  gleha  then  deliquesces  into  a  dropping, 
slimy  mass,  which  emits  a  oarrion-Uke  stench  serviaig  to  attract  flies,  by  whose 
agency  tha  Bporss  embedded  in  it  ure  disseminatLsl 


Lichenes  (Lichens) 

The  Lichens  are  symbiotic  organisms  (p.  213);  they  consist  of  higher 
Fungi,  chiefly  the  Aseomijfelfs,  more  rarely  BoiidiomyceUs,  and  uni- 
celiular  or  filamontous  Algae,  Schizojiht/ctae  or  Chhropkyceae,  living  in 
intimate  connection,  and  together  forming  a.  compound  thallDs  or 
CONsORTiuai.  Strictly  speaking,  both  Fungi  and  Algae  should  be 
classified  in  tliolr  respective  orders ;  but  the  Lichens  exhibit  among 
themselves  such  an  agreement  in  their  structure  and  mode  of  life,  that 
it  is  more  convenient  to  treat  them  as  a  separate  class. 

In  the  formation  of  the  thnlliiB  the  algal  cells  become  enveloped 
by  the  mycelium  of  the  Fungi  in  a  felted  tissue  of  byphie  (Fig. 
302).  The  Fungus  derives  its  nourishment  saprophytically  from  the 
organic  matter  produced  by  the  assimilating  Alga,  without  at  the 
same  time  behaving  as  a  parasite  and  injuriously  interfering  with 
its  vegetative  activity,  The  Alga,  on  the  contrary,  derives  a  defiuitfl 
advantage  from  its  consortism  with  the  Fungus,  receiving  from  it 
inorganic  substances  and  water.  From  the  symbiosis  entered  into  by 
a  Lichen  Fungus  with  an  Alga,  a  dual  organism  results  with  a  distinct- 
ive thalluB,  of  which  the  form,  whicli  is  influenced  by  the  mode  of 
nutrition  of  the  independently  assimilating  Alga,  differs  greatly  from 
that  of  other  non-symbiotic  Hyphomycetes  with  thalti  consisting  solely 
of  profusely  branched  hyphw. 

In  their  adaptation  to  the  requirements  of  the  two  constituent 
memlKra,  the  thalli  of  the  Lichens  exhibit  a  variety  of  forms  which, 
although  sometimes  made  use  of  as  a  meaas  of  classification,  are  of  no 
value  in  indicating  natural  relationshigis. 


] 


The  simplest  Lichens  are  the  filamentous,  with  u  filiform 
branched  thallue  consisting  of  algal  filaments  interwoven  with  Fungus 
hyphie.  An  example  of  such  a  filamentous  form  is  presented  by 
Ephebf  pubeMcits.  Thia  Lichen  is  found  growing  on  damp  rocks  in 
ehort,  delicately  bmnched  tufts,  and  consists  of  thick,  multicellular 
filaments  of  the  blue-green  Alga  Sirosiphon,  whose  gelatinous  cell  walla 
are  pervaded  by  the  bypha;  of  a  Pyrenomycetous  Fungus. 


Another  group  is  formed  by  the  gklatinous  Lichous,  ' 
tballus,  usually  foliaceoua,  is  of  a  gelatinous  nature  (f.g.  Colltmiifi 
The  Algae  inhabiting  the  thalli  of  the  gelatinous  Lichens  belong  to 
the  families  of  the  Chrooocforeae  and  Kontocaeeai:  As  is  cbai-acteristic 
of  the  Nostoca,  their  cell  walls  are  swollen,  forming  a  gelatinous  mau 
traversed  by  the  hyphic  of  the  fungus.  The  genus  Colleinn  is  an 
example  of  ibis  group. 

In  both  the  filamentous  and  gelatinous  Lichens  the  Algae  and 
Fungus  hyphffi  are  uniformly  distributed  through  the  thallus,  which 
is  then  said  to  be  unstratified  or  homoiomurous.     The  form  of  the 


thallus  of  the  liomoiomeroUE  Lichens,  particularly  of  the  filamentous 
forma,  is  determined  by  the  AJgae. 

In  other  caaeB  the  Lichens  have  stratified  or  HBTF.BOMKKOl'S  thalli ; 
their  form  is  then  determined  essentially  by  the  Fungus.  The  en- 
closed Algae  are  usually  termed  gomdia.  They  are  lu-ranged  in  a 
definite  oonidial  iaveb  covered,  externally,  by  a  cortical  layer, 
devoid  of  algal  cells  and  consisting  of  a  pseudo-parenchyms  of  closely- 
woven  hyphffi.  It  is  customary  to  distinguish  the  three  following 
forms  of  heteromerous  Lichens. 

1.  CRUSTACEons  LicHKN-s,  in  which  the  thallus  has  the  form  of 
an  incrustation  adhering  closely  to  a  substratum  of  rocks  or  to  the 
soil,  which  the  hyphra  to  a  certain  extent  penetrate. 

2.  FoLiACKOUS  Lichens  (Fig.  303),  whose  flattened,  leaf-like  lobed 
or  deeply-cleft  thallus  is  attached  more  loosely 
to  the  substratum  by  means  of  rhizoid  faj'ph^  . 
springing  either  from  the  middle  only  or  irw-ii 
larly  from  the  whole  under  surface. 

3.  Fruticose  LifHKNs  (Fig.  304),  mtli  .i 
filamentous  or  band-like  thallus  branched  in  a 
shrub-like  manner  and  attaclied  only  at  the 
base.  They  are  either  erect  or  jieudulous,  or 
may  sometimes  lie  on  the  surface  of  the  sub- 
stratum. 

The  manner  in  which  the  Fungus  unites 
with  the  Alga  may  be  seen  from  the  adjoining 

figure  (Fig.  302)  showing  the  moJe  o!  formation  of  the  orange-yellow 
thallus  of  XanOfiria  parirtina,  a  foliaceous  Lichen  frequently  occurring 
on  tree-trunks  and  walls.  The  branching  germ-tube  produced  by  the 
germinating  n£cosi>ore  (Fig.  303,  1,  sp)  of  a  Fungus  belonging  to  the 
order  Dtscomi/cetes  has  already  formed  an  intimate  union  with  two 
alga]  cells  of  the  Protococcoideons  genua  Ctjsti>coirfuii,  which  furnishes 
the  gonidia  of  this  Lichen.  By  the  repeated  branching  of  the  hyphce 
they  entwine  more  completely  round  the  group  of  Ct/storoccvs  cells  and 
form  the  thalloid  rudiment  (Fig.  302,  2),  from  whose  continued  growth, 
accompanied  by  the  division  of  the  algal  cells,  the  closely-woven  hypbal 
tissue  of  the  thallus  of  the  mature  Lichen  is  produced. 

In  their  natural  condition  the  germinating  spores  of  the  Lichen 
Fungi  appear  to  be  capable  of  continuing  their  further  development 
only  when  they  are  enabled  to  enter  into  symbiosis  with  the  proper 
gonidia.  For  a  few  genera  of  Lichens,  however,  it  has  been  determined 
that  the  Fungi  sometimes  exist  in  nature  without  the  presence  of  the 
Algae;  it  has  been  shown  that  the  tropical  Lichen,  Coni  pavoniu, 
whose  Fungus  belongs  to  the  order  Htfmtiunnyr.des,  may  produce 
fructifications  even  when  <leprived  of  its  Alga,  which  have  a  form 
resembling  those  of  the  Fungus  genus  Thelephorn.  Small  thalli  have 
also  been  successfully  grown  from  the  spores  of  certain  Lichen -forming 


■  plKC  ut  Urk,    (HM, 


Ascomycetes,  cultivated  without  Algae  and  supplied  with  a  proper 
uutrient  solution. 

In  the  formation  of  a  fully-developed  Lichen  from  the  rudimentary 
thallus  (Fig.  SO'2,  2)  the  hyphal  tissue  usually  becomes  dilferentiated 
into  a  thick  cortical  layer  of  pseudo-parenchyma  and  into  a  more 
loosely  woven  medullary  layer,  with  the  zone  of  gonidia  entwined  by 
hyphffl  between  the  two.  Tliese  different  zones  are  most  plainly 
Been  in  the  fruticose  Lichens,  among  which  the  Beard  Lichen,  Usnea 
barhata  (Fig.  304),  has  developed  in  the  medulla  a  mechanical  system 
consisting  of  a  firm  byphal  strand.  Both  the  upper  and  under  surfaces 
of  the  foliaceouB  Lichens  are  usually  covered  with  a  cortical  layer. 
The  medullary  layer  lies  in  the  middle,  between  the  two  cortical 
layers,  while  the  gonidJa  form  a  layer  between  the  upper  cortex  and 
medulla.  A  cortical  layer  is  present  only  on  the  upper  side  of  most 
foliaceous  and  crustaceous  Lichens,  or  if  present  also  on  the  under 
,  aide,  it  is  developed  merely  on  the  margins ;  the  medullary  layer  then 
B  directly  upon  the  substratum.  The  thalli  of  the  Lichens  are 
attached  to  the  substratum  by  rhizoid  hold-fasts,  rhizinks,  which 
consist  of  hyphce  resembling  root-hairs. 

Many  Lichens  are  able  to  multiply  in  a  purely  vegetative  manner, 
by  means  of  loosened  pieces  of  tiie  thallus,  which  continue  their  growth 
and  attach  themselves  to  the  substratum  with  new  rhizines.  The 
majority  of  the  heteromerous  Lichens  possess  in  tho  gonidial  layer 
another  means  of  vegetative  multiplication  by  forming  bosedia. 
In  this  process,  small  groups  of  dividing  gonidin  become  closely 
entwined  with  mycelial  hyphif,  and  form  small  isolated  bodies  which, 
on  the  rupture  of  the  thallus,  are  scattered  in  great  numbers  by  the 
wind  and  give  rise  to  new  Lichens. 

The  fructifications  of  the  Lichens  are  produced  by  the  consorting 
Fungi,  not  by  the  vegetating  Algae.  The  Fungi  belong  chiefly  to  the 
Dxsi-otny^tf/i ;  a  few  genera  to  the  Pyrenomycetts ;  and  only  a  single 
genus  to  the  Ht/menomyedes.  In  conformity  with  the  nature  of  their 
constituent  Fungi,  the  first  two  groups  are  classified  as  Aftnliehnes, 
the  third  as  Bj/meiwUchcnes. 

1.  AscoUcfaenes 
(n)  Tlie  DiKoliehentt  or  Liehtnet  gj/mnotarpi  produce,  as  tbe  ucuii-thlit  of 
their  Fungus,  cliieHj  oupuW  or  di>>coid  apotbecia,  aeasiU  or  Boniowluit  duprewed  «Ii 
the  tbalJlu.  la  stnicturo  they  reeembla  those  of  tbe  Paiieat  (Fig.  283),  Uid  bear 
on  their  Djiper  side  an  bymenium  or^sci  and  pamiibytes.  One  of  tbe  conimonsat 
species  of  truticoso  Licbeus  belauging  to  tliia  ^oup  la  Unua  barbala,  (bv  Beard 
Licben,  frequent);  occoniog  on  trees  and  baving  large,  Triuged  Bl<otbwi>  (FS^ 
304).  Roceella  lineloria,  another  member  of  Che  IHacoHditHet,  found  widely 
distributed  on  tberouksof  the  Africuneoaataad  East  Indies,  has  ui  erect,  vpmiUbnn, 
forked  tbollua  from  wbJch  litmus  und  orc]ii)  (orseille)  tire  obtaint^.  (Xrori*  i 
itlaruiira,  Iceland  Uoss  (Fig.  30G),  occupies  an  intermediate  iMwitiuu  between  the 
fraticose  and  foliaeeoiu)  Lichens.     It  ban  a  divided,  foliaceous  but  partially  M«ct 


thallus,  vhioh  ia  of  a  light  bluish  gnmn  or  brown  calour,  whitisli  on  the  iiiirlur  side, 
■nd  bears  the  ajiothecU  oblique]3r  on  its  margin.  This  Lichen  is  found  in 
niouDlainous  regions  in  the  nortliprn  tnrt  of  the  Northaru  HemiiplxTp,  uud  Also  st 
Cape  Hurn  ;  it  bfts  an  officinal  value  as  a  dtmolceuL  XaHthoria  parielina 
(Fig.  303)  may  be  taken  as  an  example  of  one  of  the  commonest  of  the  folioceolw 
Lichens.  The  thallns  is  oruuge-yellow  in  colour,  and  iwatw  numcroua  apothsoia  on 
its  central  portions.    Orapkit  teripla  may  be  cited  as  a  well-knuwu  example  of  th« 


(Nil  liir 

cruatacvuiiB  Lichens  ;  itit  graj-isb  white  thalloa  occuis  on  the  bark  of  treiw,  [wu- 
ticuUrlf  of  the  Beech,  on  whose  surface  tlie  aiiotheoia  nie  disposed  oa  narrov,  block 
fiuTOWS  resembling  writing.  To  the  cruBtacaous  Uohens  belongs  also  Sphatro- 
thallia  elatltnla,  growing  on  rocks  in  the  sleppes  and  deserts  of  North  Africa  and 
Am*.  Th«  thalliia  falls  into  small  pieces  the  size  of  a  [>ea  ;  scattcrrd  by  the  wind 
they  ora  utilised  b;  the  Tartan  in  the  [ireparation  of  earth-bread.  The  North 
European  crustooeoUB  Liobeu  (MrvUchia  larlarra  atTords,  like  Soecclla,  litinus  and 
red  indigo. 

A  peculiar  mode  of  development  is  exhibited  by  the  genus  CItulonia,  whose 

primary  thallus   coDBiita   of   small    horizontal   scales 

i  direutly  to  the  fj-roand,  from  which  ris™  an 

eroct  portion,  the  PODKriCM,  of  varying  form  and  struc- 

n  the  dilfereut  api'cies.      In  some  caaes  the  [wdetia 

■re  stalked  and  funnel -shaped,  bearing  on  tlie  margin 

or  on  outgrowths  from  it  knob-like  apothecia,  which 

in  C.  pif»data  ore  brown,  in  C.  eneeifera  (Fig.  StW) 

bright  red.      In  other  species   the  erect   podotia  are 

slender  and  cylindrical,  simple  or  forked  ;  in  C.  raiigi- 

Jsrina,  Beindeer  Moss,  which  boa  a  world-wide  dlstri-    . 

bation,  particularly  in  the  tiiudnw  of  tlie  North,  the 

podetia  are  finely  branched  [Fig.  307),  and  bear  the 

apothecia  at  tha  ends  of  the  braoohes. 

Frvqueutty  the  {todetia  of  this  species  and  often  also  o 


f  the  others 


and  the  aacogenous  hy jibiE,  altliaugh  differentUttil  in  tlie  iutfiiur,  du  not  sncceed 
in  [inxiucing  onci. 

In  addition  to  the  Bacogenoua  rmctifictttiOQS,  tlie  Diseoniycctous  Licheiw 
produce  accpssory  fruytifications  in  the  form  of  l'V(;sililA,  which  oitfitrict  and 
qsot  email  conidia.  Fig.  308  shows  aucli  a  pyonidiuui  of  the  common  foliaoeona 
lichen  Aitapijichin  riliarii.      The  pyenidia  arise  nn  tlie  siirfaca  uf  tlie  thalliu 


biancliu.    (Sut.  bIm.) 


Flo.  TOS.— Secttoa  Uirough  n  pyentdliiiu  (ip)  In  tha 
tiiallu<  or  A  nnjif ^I"  cill^rl' :  r,  corticsl  larcr ; 
M,  mMullaty  layer;  g,KanlilUlla7rr.   (xM;) 


(Fig.  306),  or,  as  iu  Cetrnria  iilamliea.  they  may  be  ]iroduDcd  on  tlie  margin  in 
amall  wnrt-liku  protuberances.  Id  the  Cladoniae  they  occur  on  tha  uinie  IVaBti&aa- 
tiona  as  the  aecogenoua  hymeninm  or  on  others  aitiiilar  b)  them.  The  pycnosporea 
were  formerly  called  apermatU.  and  errofteously  regarded  aa  male  sexual  cdIIs  ;  the 
pycntdia  were  then  termed  H)iormogonia. 

(ft)  The  Fyrenolitheiitt  at  Lichtno  awjiocaTpl  Jiave  flagk-sbaped  peritheoia, 
aimilnr  to  thoco  of  the  Pyrew>mycdts,  and  also  develop  pycnidia.  To  tbia  gninp 
belong  only  a  few,  for  the  moat  part  cruBtaeoous  Lichens  {e.g.  the  Vernioariaa,  th» 
foliai^eous  genua  Eiuluairpaii,  etc.). 

2.  H^menolichenes 

The  Hyinenolidtna  are  represented  only  by  the  tropica]  Cora  pavotiia,  oT  nhUik 
the  genera  Dktyonevta  and  Laudatca  arc  only  s}ieci«l)y  differentiatod  forma.  Tha 
Pnngna  of  Ihia  Lichen  belongs  to  the  family  Thttephorrae  (p.  370] ;  ita  flat,  lobed, 
and  often  imbricated  rnictifiustxoDs  are  also  funuil  entirely  devoid  of  Algae, 
■ymbiosia  with  the  imicellnlar  Alga  Chniococeiit.  it  forms  the  fi  ucttHcationa  of 
Cora  pamtiia  (Fjg.  308).  resembling  tliose  of  the  Thelephoraa  with  a  channclM, 
basidial  hymeninm  on  tlie  under  aide.  Aasoaiated  symbiotioally,  on  the  ottivr 
hand,  with  Glamentaof  IhBblae.greeQ  Alga.Vf^jrfnacirui,  if  the  Fungua  preponderates, 
it  produces  the  braekct-like  Liohcna  of  the  Dict}ioneina  form,  found  projeoting 
from  the  limla  of  trees  with  a  seniiclrcular  or  nearly  spherioal  thalltia  compMfd  ' 
of  railiating  Lyphal  threads,  and  having  the  hymeninm  on  the  under  side.  When 
the  shape  of  the  thallus  is  determined  by  the  Alga,  a  Lichen  of  the  Lawlalea  (brm 


(Kcnre  BB  felted  palahes  of  Gne  filuii«lltt 
ou  tha  ports  of  the  th&llus  vhich  are 
tamed  away  from  the  tight. 

The  LiuheuB  are  everywhere  widely 
distributml,  growing  on  the  ground,  on 
rocki,  and  on  tree-trunkfl.  Tliey  occur 
in  loMlitUa  unfiiTOurabU  for  every 
other  kind  of  vegetatiou,  and  oan 
endare  the  greatest  heat  or  cold  or 
prolonged  drought  without  ii^ury  On 
the  recurreuoe  of  BuffioUnt  moisture 
■ud  the  projier  teni[>er*tare,  their  vital 
activity  astiertN  ituelf  anew  ;  tltey  aru 
tliuB  etiatiled  to  inhaliit  even  the  peak>« 
of  the  Ligheat  mountains.  In  conjuuc 
tion  with  the  Mosses,  thry  characterise 
liy  their  abundant  developmeut  the 
vegetation  of  the  poUr  t^ons,  partiou 
larly  that  of  the  ao-called  tundras,  the 
cliief  vegetation  of  whith  in  repreaeuted 
by  Cladimia  rawjiferiita. 

OCFICINAL. — The   only   rtpresuntati' 
(Licit EX  ISLAHSICUH). 


of  the   Lipiiens   1. 


11   BRYOPHYTA  (MOSSES) 


Tba  Bryi^yta  cr  Musditeae  comprise  two  clasaes,  the  Hepniicae 
or  Liverworts,  and  the 
MiLiei  or  Mosses.  They 
ai-o  disiinguistied  from 
the  Thaliiqihijta  by  the 
chamcteristic  atnictiire 
of  their  sexual  orgatis, 

ANTHKRtDIA  and  AB(.'HK- 

UUN'IA,  which  are  Biini- 
lar  to  tiiose  of  the 
Ptfiitlopki/la,  tlie  moat 
highly  developed  of  the 
Cryptogams.  The  Jiiyo- 
ph^ta  and  Ptmdopbiita 
are  accordingly  rega riled 
'  as  having  been  derived 
from  a  cumiuoii  ancestor, 
and,  in  contraat  to  the 

Thallopliyla,  they  are  referred  to  collectively  as  Arehtgontaiae. 

The  AKTHKHlDiA  or  male  sexual  organs  are   stalked,  ellipsoidal, 

siiherical,  or  club-shajred,  with  thin  walla  formed  of  one  layer  of  cells 


and  enclosing  numerous  small  cells,  each  one  of  which  is  the  mother- 
cell  of  a  spermatozoid  (Fig.  310).  At  matiu'ity  the  spermatozoid 
mother-cells  separate  and  are  ejected  from  the  antfaeridium,  which 
ruptures  at  the  apex.  By  the  eventual  dissolution  of  the  enveloping 
walla  of  the  mother-cells  the  siiermatozoids  are  set  free  as  short, 
slightly  twisted  filaments,  terminating  anteriorly  in  twu  long  cilia. 
Spermatozoids  of  similar 
form  are  found  among 
the  Thallophytes  only 
in  the  group  of  the 
Chamceae.  The  ARCHE- 
GONU  are  flask-shaped 
bodies  with  walls  formed 
of  but  one  layer  of 
cells ;  they  are  sessile  or 
shortly  stalked,  some- 
times also  somewhat 
sunk  in  the  tissue,  and 
consist  of  a  dilated  ven- 
tral portion  and  a  long, 
slender  neck.  The  ven- 
tral portion  encloses  a 
large  central  cell,  the 
contents  of  which  shortly 
before  maturity  divide 
I  into  the  egg -cell  (Fig. 
"'1,  A,  ii)  and  into  an 
overlying  ventral  canal- 
cell  (k~).  The  latter  is 
situated  at  the  hase  of 
.  the  neck,  just  below  a 
;  central  row  of  tieclc- 
'  canal-cells  (it').  On  the 
maturity  of  the  arche- 
gonium,  the  ventral  and  neck -canal -cells  become  uiueilaginoiis  and 
diaot^anised.  If  wattr  is  present,  the  cells  at  the  apex  of  the  neck 
separate  {B)  and  the  mucilaginous  matter  is  discharged,  and  exertc 
through  the  difl'usion  of  certain  of  its  constituents  in  the  water  (cane- 
sugar  in  the  case  of  flosses)  an  attractive  stimulus  on  the  sperma- 
tozoids. The  spermatozoids,  thus  directed  toward  the  neck  of  the 
archegonium,  traverse  it  as  far  as  the  egg,  into  which  one  spermatozoid 
penetrates.  The  water  necessary  for  the  process  of  fertilisation  ia 
sutfictentty  supplied  hy  rain  or  dew.  After  fertilisation  has  been 
accomplished,  the  egg-cell  divides  and  gives  rise  directly  to  an  embryo 
(c),  without  first,  as  is  usually  the  case  in  the  oogamous  Thalli/ph^ta, 
undergoing  a  period  of  rest. 
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The  Mosses  as  well  as  the  Pteridophytes  multiply  also  asexually 
by  means  of  walled  spores  adapted  for  dissemination  through  the  air. 
These  two  modes  of  reproduction,  sexual  and  asexual,  occur  in 
regular  alternation,  and  are  confined  each  to  a  sharply  distinct 
generation ;  a  sexual,  provided  with  sexual  organs,  and  an  asexual, 
which  produces  spores.  The  sexual  generation  arises  from  the  spore ; 
the  asexual  from  the  fertilised  egg.  This  alternation  of  genera- 
tions is  characteristic  of  all  Archegoniatae, 

In  the  development  of  the  sexual  generation,  the  unicellular  spore 


'    .^ 


Fio.  312.— Funaria  hygrxnnetrUxu    A^  Germinating  spore  ;  ex,  exine  ;  £,  protonema ;  Jtn,  buds ; 
r,  rhizoids  ;  $,  spore.    (After  MCller-Tuuroau  ;  magnitled.) 


on  germinating  ruptures  its  outer  coat  or  exine,  and  gives  rise  to  a 
germ-tube.  In  the  case  of  the  Ilepaticae,  the  formation  of  the  plant 
at  once  commences,  but  in  most  of  the  Miisci  a  protonema  is 
first  produced,  which  resembles  in  structure  the  filaments  of  Confer- 
void  Algae,  and  is  composed  of  cells  containing  chlorophyll  (Fig. 
312,  ^,  B).  The  green,  filamentous  protonema  gives  rise  to  branched, 
colourless  rhizoids  (r),  which  penetrate  the  substratum.  The  Moss- 
plants  arise  from  buds  developed  on  the  protonema  at  the  base 
of  the  branches.  Protonema  and  Moss- plant  together  represent  the 
sexual  generation.  Many  Liverworts  possess  a  thallus  consisting  of 
dichotomously  branching  lobes,  which  is  attached  to  the  substratum 
at  its  base  or  on  the  under  side  by  means  of  rhizoids,  thus  repeat- 
ing the  vegetative  structure  of  many  Algae  (c/.  Fig.  8  with  Fig.  9, 
p.  1 3).  In  other  Hepaticae,  on  the  other  hand,  and  in  all  the  Musciy 
there  exists  a  distinct  differentiation  into  stem  and  leaves  (Fig.  323). 
In  no  instance,  however,  are  true  roots  formed  or  a  tissue  of  cells 
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developed,  but  in  their  stead  rhizoids,  consisting  of  coIonrleES  branching 
fitaments.  Tlie  Bryophytes,  in  this  respect,  differ  essentially  from  the 
Pteridophytes,  which  are  pro\-ided  with  true  roots.  The  steins  snd 
leaves  of  Mosses  are  also  anatomicully  of  a  simple  structure ;  if  con- 
ducting strands  are  present,  ibey  are  composed  merely  of  simple, 
elongated  cells.  The  sexual  organs  are  produced  on  the  adult,  sexiinl 
generation;  in  the  thalloid  forms,  on  the  dorsal  side  of  the  thollus ; 
in  the  cormophytic  forma,  at  the  apex  of  the  stem  or  its  branches 
(Fig.  313). 

By  the  division  of  the  fertilised  egg,  a  multicellular  embryo  is 
formed,  which,  by  its  further  development,  gives  rise  to  the  second  or 
ASexUAL  GENERATluN,  represented  by 
.Pjy  an  f  the  spoRoaoNiim  or  the  stalked  Moss 
\i  CAPSULE.  The  sporogoniuni,  in  most 
cases,  consists  of  a  round  or  oval  cap- 
sular receptacle,  in  whose  internal  tissue 
numerous  unicellular  siiores  are  pro- 
duced. At  maturity  the  capsule  opens 
and  sets  free  the  spores.  In  both  the 
Bryophytes  and  Pteridophytes  tho 
spores  are  formed  in  tktrads  by  the 
twice-repeated  division  of  the  spore- 
mother -ceil,  which  previously  boconio 
disunited,  representing  the  actual  point 
.  of  commencement  of  the  sexual  genera- 
'  lion.  The  spore  capsule  has  usually  a 
'  shorter  or  longer  stalk,  of  which  the 
basal  portion,  or  foot,  remains  in  the 
distended  venter  of  the  archegonium,  and,  in  consequence  of  the 
overgrowth  of  the  underlying  tissue,  has  the  apjiearance  of  being 
sunk  in  it.  Although  the  eporogonium  constitutes  a  distinct  aaexual 
generation,  it  continues  throughout  its  existence  united  with  the 
sexual  generation,  and  draws  from  it  the  nourishment  necessary  for 
its  development. 

The  two  classes  comprising  the  Bryophytes  may  be  briefly  charac- 
terised as  follows : — 

1,  Itfpiiticiir  (LiverworU). — The  leinal  Beneration,  with  poorly  developed 
gennrolly  uot  distinctly  dtlTereuliatcd  proloueuia,  lui9  oiclicr  a  diubotonioufily  diri<lB(l 
thallua  or  is  deveb[)ed  w  ■  l«ry,  anil,  with  ofta  exception,  dorsi ventral  sliool.  la 
the  majority  of  UqnUkot,  in  addition  to  sporsa,  the  cajisuU  producea  also  «laten, 
«t«rilB  oella  whkli,  in  tlieir  typical  deVBlopment,  bet-omu  grwitly  elongated  and  pro- 
vided uitL  spiral  thickenings  (FiK.  317,  F).  They  conduct  nouriahmFnt  to  the  de- 
velopinut  uporogenou"  mUs,  and  at  niatniity,  after  the  ojiening  of  the  eapaille,  i 
to  wparato  and  aoalter  tlm  aporuB.  Only  in  one  order.  Anthaeerotiutaf,  does  Um 
ca|iBUlc  have  a  ooluraella,  or  an  axial  moss  of  sterile  cells,  which  also  couduot 
metabolic  products  to  the  developing  B}Kires. 


2.  ifturt  (Mones).~TtiP.  protonemi,  of  the  wxiul  gEiiPiation  U  luually  nell 
ilevelopvd  aud  diatinutly  iluliDed,  Kud  the  moaa-phmt  is  tilways  wgiutMited  intn  ateia 
And  leai'es.  Tlie  leftvea  &ni  arranged  a|jira11f  iu  polysynimetnuil,  Ivaa  froquentlf  in 
htgymiuutrical,  rows.  The  ca[Miile  is  always  without  elateri,  but,  excsi>t  in  one  geuns. 
it  fttwftys  jKMHcaH  k  oalumella. 

Class  I 

Hepaticae  (Liverworts) 

Tlie  Hepalictie  are  divided,  nccoiding  to  the  structure  of  tlie  siiaru- 
goniuni  and  the  segmentation  exhibited  by  the  sexual  generation,  into 
four  orders:  the  Jlteeiiireti^,  MarcSuiiitiaCMe,  and  ArUhocerulaceae,  com- 
prising exclusively  tballoid  forms  ;  and  the  Jungtrnuinviaeeat,  including 
both  thalioid  and  foliose  forms. 


Order  I.  RIcciaceae 

Of  all  the  lhp,\ 
bctongB  to  this  onli 

■lid  jptiWB  on  damp  or  mareli;  soil  (Fig.  314,  A).  Sircia 
ing,  like  Duckweed,  on  the  eurfftce  nf  sUgiunt 
wnler.  Jticcia  fiuilaia,  ou  the  other  band,  lives 
wholly  submerged,  nud  lus  nuTow,  more  profusely 
lirsiiuhiaH.  thollold  segments  (Fig.  10,  p.  14);  it 
i«D,  however,  grow  ou  marsby  soil,  aud  then  Torms 
flat  rosettes.  The  Riocias  are  provided  with  linr 
rhiwids  springing  from  the  under  side  of  tbo 
thallus  (Fig.  314,  B),  aud  possess,  in  addition,  ii 
duuble  row  of  transversely  disposed  ventral  sealee, 
canaisting  of  a  aingle  layer  of  oella,  which  also 
riitiction  in  the  abiorption  of  uourishment.  Both 
organs  an  wanting  in  tbo  submerged  sjieviex, 
Riceia  JlHUam,  wliioh  may  acconlinglj  1«  regardud 
a*  representing  the  simplest  form  of  Liverworts. 
The  thallus  has  ■  ilistlnct  peripheral  celMayer,  or 
e[>idermi«,  and  underlying  it  a  green  assimilating 
cellular  tissue,  with  atr.oavitieH  forraed  by  the 
inor«  rapid  growth  and  overarching  of  the  ad- 
jaomt  tissus.  Tht  tljallus  is  also  traversed  lougth- 
wiae  by  a  ceuttal  strand  of  elongatwl  cells,  devoid  of  cbloropbyll, 

The  ontheridia  and  archegonia  are  sunk  in  the  aurfiwe  of  the  upper  side  of  the 
thalloa.  From  the  fertilised  egg-cell  is  develojicd  a  spherical  tporogoninm,  filled 
with  Urge  tetmliodral  ajiores.  The  wall  of  the  siKirogoniuiu  uoiigista  of  a  aingt« 
layer  of  ralla  ;  it  becomes  disorganised  (luring  the  ripening  of  the  spores,  wliidl  art 
eventually  wt  free  by  tbo  rupture  and  disintegration  of  the  venter  and  the  sunvund- 
ing  celli  uT  the  tballus.  Eauh  spore  on  germiuation  prodnoea  an  Inoonapicuoua 
protonema,  consisting  of  an  unbrancbed  germ-tube,  provided  with  rbiioids  and  ter* 
minating  in  a  multiwllular  gcrm-diK,  from  which  the  new  thallus  is  produced. 


rl.,mi<.lma.    ^.Tlistlun 

H  nf  tho  hibM  (nat. 
illgblly  msgnllled  iM- 
:hllttiml1liglobr.   (AftiT 


Order  2.  Harchantlaceae 

The  Liverworts  included  in  this  order  (re  much  more  highly  organised,  and  in 
manjr  genera  they  have  a  decidedly  complicated  Btructuro.  Marc/iantia  polymorpha. 
fonnd  growing  on  damp  soil,  may  serve  as  an  example.  It  forma  a  flat,  deeplj-lobed, 
dichotomoualj- branched  thallus,  about  tiro  centimetres  wide,  and  having  an  incon- 
•picuoiu  midrib  (Fig.  316,  A  ;  Fig.  S17,  A).  From  the  under  side  of  the  thallns 
spring  unicellular  rhizoids,  of  vrhich  some  hare  smooth  walla,  others  conical  thicken- 
iogs  projecting  into  the  inner  cavity.  The  thallua  is  provided  also  with  ventral 
■oalea,  consisting  of  ■  single  layer  of  oellfl.  In  its  internal  development  a  dorsi- 
ventral  atructure  ia  also  apparent.  With  the  naked  eye  it  may  be  seen  that  the 
upper  surface  of  the  thallus  is  divided  into  small  rhombic  areas.  Each  area  ii  per- 
forated by  a  central  air-pore  leading  into  a  corresponding  air-chamber  immediately 


E,  Iniuveru  secllon  < 
pcrint  orittacbiucnt  to  italk  ;  u,  oil  celli ; 
r,  eolourieu  eella  vlCh  gnnulir  contenU, 
fn>ln  wblcb  [h«  rlilioMi  vlll  •levelop. 
(After  Knv,  A-C  h  STS  ;  !»■«  x  S6.) 
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below  (Fig.  168,  A,  B).  Tlie  lateral  walla  of  the  air-chambers  determine  the  con- 
figuration of  the  rhombic  areas.  The  air-pore  in  the  roofing  wall  of  each  chamber  is 
Id  tlie  form  of  a  short  canal,  bounded  by  a  wall  formed  of  several  tiers  of  cells,  each 
tier  compriaiug  four  cells.  Numerous  short  filaments,  consisting  of  rows  of  nearly 
ipherieal  cella  containing  chlorophyll  grains,  ]>roject  from  the  floor  of  the  air-chambers 
and  [•crfomi  (he  functions  of  asaimiUting  tissue.  Chlorojihyll  graius  are  found 
also  in  the  walls  of  the  chambers,  but  only  in  small  numbers.  The  air-chambers 
merely  represent  depressions  in  the  outer  surface  which  have  become  roofed  over 
by  the  more  rapid  growth  of  the  adjacent  el>idermal  cells.  The  intensity  of  the 
illumination  exercises  a  great  influence  on  the  formation  of  the  air-chamliers  :  when 
the  illuminalioii  is  very  weak  they  may  not  occur  at  all.  Tlie  epidermis  on  the 
under  side  of  the  thallus  ia  formed  of  one  layer  of  cells.  The  tissue  below  the  air- 
chamlier  layer  is  devoid  of  chlorophyll,  and  eonaints  of  large  parenchymatous  cells, 
which  functiou  as  aceumulatory  or  reservoir  cells-  Small  cup-aha]*cl  outgrowths 
with  tootheit  margins,  the  gemmiferous  receptacles  or  cupules,  are  generally  found 
•itlMted  on  the  midribs  on  the  upper  surface  of  the  thallus  (Fig.  316,  b).     These 
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contun  ft  number  of  gUlked  genilmi?.  Hut,  liisnuit-slinpetl  bixlii^s  of  n  gr«eu  culour. 
The  gemoi«  arise  hy  the  ptotnuioa  autl  repeutod  divtBion  of  a.  single  epidermal  cell 
[Fig.  31S) ;  at  mBtnrity  they  becoma  detiiched  from  the  stalk  (at  r,  Fiii,.  31S,  O). 


Tia.  <17. — MartJvjntia  poiymorpka^ 


ir  ArchffgnnlE>phor«  of  dlffbrwtt  ftgn ; 
ft  (tiHt.  nlH);  B,  uiiilrt  HidA  uf  Rccptii^lfl ;  it,  nyi;  Jh,bb«itli;  tfi,  n  tporo^nlqiD(x>); 
r  n  mcitpUcla.  illvklriU  loDgltu>ttiull7(xS);  D.  Inut^ltiiilluia  •raMoD  of  ■  janagttom- 
iHf,  eho  (bal ;  ip.  aponigsnoqii  ttanw :  A-w.  nil  uf  e*piuli> :  am  mil.  and  It  ntct.  of 
p,  pKwIa-iHtUDth  ( X  ni) ;  £.  mpcui*l  ipiiKiiwnJum ;  k,  eap*ula:  j,  apon*  lurt 
p,  pMiuIO'pirituUi  1  F,  aKheggnlal  WKtl(xlO)i  f,  analttai;  C,  ripe  apart*  (x SIN:  "i 
ling a|Hini (f) :  vit, piolooanM ;  t:,ganii-ill>c,  itllli  thaipl«l  cellrand  rhiioM  rk(H]ao). 
K  atUr  BlBtiiuK ;  £,  Zi.  r.ffaftrr  KsY.) 

Thoy  are  provided  with  two  growing  pointi.  one  at  neh  of  the  marglual  coiutrlc- 
tjoiia,  from  which  thoir  further  dovelopnient  into  new  plaiita  proowds.  On  croaa- 
trction  (£]  the]'  are  seen  la  be  coni^'iacd  of  neverfi!  layers  of  Cella  ;  some  uf  tliu  cells 


«rB  filled  wilh  oil  glohules  {1>,  o),  while  from  other  colourless  cella  rhizoids  develop. 
Cells  conUiiliing  oil  are  &lao  present  in  the  mature  thalluB,  and  are  of  freijueut  opirur- 
rence  in  all  the  Hrpaiicar..  Bj  moans  of  tho  abundantly  developed  gBinnue  Jftir- 
dianlia  is  enabled  to  multiply  Tegetatirelj  to  an  enonuDua  extent. 

The  sexual  organs,  antheridta  and  arohegonia,  are  borue  on  H]X!cial  erect  bruiubci 
or  the  tballua.  The  reproductive  branches,  which  are  rolled  together  at  the  lover 
end  into  a  stalk,  eipand  above  into  a  prDfuaely'brancbed  upper  portion.  In  Iliia 
s[>ecies,  which  is  diiecioua,  the  autheridia  and  urchegonis  develop  on  dilferent  plants. 
The  branches  producing  tho  male  organs  terminate  in  lobed  discs,  which  bear  the 
antheridia  on  their  upper  sides  in  flask-shaped  depressions,  each  containing  sn 
antheridium  (Fig.  S16,  B).  The  depressions,  into  each  of  which  a  narrow  canal 
leads,  are  separated  from  each  other  by  tiEsuo  filled  with  air-ohainbera.  (The  struc- 
ture of  the  antheridia  and  ape rmu toxoids  is  illustrated  by  Fig.  310  and  tho  accom- 
panying description,  p.  381.) 

The  female  branches  tamiinate  each  in  a  nine-rayed  disc  {Fig.  317,  A).  The 
upper  aide  of  the  disc,  between  the  rays,  is  turned  underneath  in  the  process 
of  growth,  and,  aa  the  archegnnia  are  bonio  on  those  portions,  Ihcy  seem  to  arise 
from  the  under  side.  Tho  orchegonia  are  disimaed  in  radial  rows  between  the  rays. 
each  row  being  enveloped  in  a  toothud  Umelb  or  aheath  (Fig.  S17,  B^  C,h\  for 
stnicture  of  the  arohegonio,  see  Fig.  311,  and  description,  p.  38:i). 

The  fertilised  egg-ccH  gives  Hho  to  a  midtioellulir  embryo  (Fig.  311,  C),  and  ihio, 
by  further  division  and  progressive  dilTerentisHon,  develops  into  a  stalked  oval 
svoHoooMVH.  The  capsule  of  the  sjioTogoninm  is  provided  with  a  wall  consisting 
of  one  layer  of  cells,  and  mpturea  at  the  agiex  to  let  free  the  spherical  spores. 
The  ELATEBs,  or  vtongated,  spirally  thickened,  Gbre-aella  formed  in  the  capaulea, 
between  the  spores,  by  the  prolongation  of  definite  cells,  are  I'haracteristio  of  tlio 
Marchantias  and  moat  of  the  Liverworts.  The  elatore  are  diBcliarged  from  the 
raptured  capsule,  together  with  the  spores,  and  serve  for  their  dispersion  in  the 
ume  way  as  the  oapillitiuni  of  tho  iliixumyetta  (Fig,  317,  E,  F,  G).  Tho  ripe  cap- 
sule, before  the  elongation  of  the  stalk,  remains  enclosed  in  the  arohegoniuni  will 
(i>,  aw),  which,  for  a  time,  keeps  pace  in  its  growth  with  Ihat  of  the  oapsula.  Aa 
the  stalk  elongates,  the  archegonium  wall  or  calyptra  is  broken  through  and  remaiut 
behind,  aa  a  sheath,  at  the  baae  of  the  sporogonium  l,E,  ().  The  capsule  i*  mr- 
roQiided  also  by  the  pseudo-jieriBnth,  an  o}ien  sac-like  envelope  which  grows,  before 
fortilisatinn,  nut  of  the  short  stalk  of  tho  arehegoniuiii  (Fig.  311,  C,pr\  Fig.  817,  D, 
E,  p).  Similar  envelopes  occur  in  the  higher  Hi'pntUae,  in  which  they  eonsUtute  a 
true  perianth,  and  arc  formed  of  leaves. 

Order  3,  Anthocerotaceae 

The  few  forms  included  in  this  order  have  an  irregular,  disc-shaped  thallus,  which 
is  Smily  anchored  to  the  soil  by  means  of  rhiioids.  The  antheridia  arise,  in  groupa 
of  two  to  four,  by  the  division  of  a  cell  lying  below  the  epidermis ;  they  remain  en- 
closed in  cavities  in  the  upjier  side  of  tho  thallus  until  maturity.  The  arcfaegonia  axt 
at  first  merely  sunk  in  tho  upper  surface  of  the  thallus,  but  after  fertilisation  they 
Iweome  covered  over  by  a  many-layered  wall  formed  by  the  overarching  growth  of 
the  adjoining  tissne.  This  enveloping  wall  is  afterwards  ruptured  by  the  dongating 
capsule,  and  forms  a  sheath  at  its  base.  The  sjiorogonium  consists  of  ■  swollen  bot 
and  a  long,  pod-ahaped  ca[isule  ;  it  has  no  stalk.  The  capsule  splits  longitudtiully 
into  two  valves,  and  has  a  central  hair-like  columella  formed  of  a  few  rows  of  Bterile 
colls  (Fig.  31E).     The  columella  does  not  extend  to  the  npcx  of  the  cateule,  but  is 
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sunnounteil  by  a  nanoH-  layer  of  aimrogooous  calls.     Elaters  also  occur  ;  they  «re 
niiilUcnlluUr,  variously  shaped,  and  oftrii  Torked.    Tbe  siwrogonia,  unlike  those  of 
all  other  Hfpatieae,  do  uot  ripen  simultBueously  throughout  their  irhole  length,  but 
From  the  tips  downtrards,  and  continue  to  elongate  by 
basal  growth  after  oraergiog  from  the  archegonia. 

On  tho  under  side  of  the  tballna,  Gsauro-like  openings. 
formed  by  the  sepsrstion  oF  the  cells,  lead  into  cavities 
Riled  with  mucilage.  Nos/oe  ^laments  penetrate  into 
these  eavities,  and  develop  into  endophytic  colonies. 

Order  4.  Junffermannlaceae 

In  the  simplest  farms  of  this  order  the  tliallus  ie 
broadly  lobed,  similar  to  that  of  J/nrcAiirt(in  {f.g.  I'eUia 
fjiijihj/lla,  frei^ucntlj  found  on  dam[i  ground) ;  or,  liku 
that  of  Blcria  ftuUana,  it  is  narrow  and  riliban-sha|ied. 
and  at  the  same  time  profusely  branched  {t.g.  itdzgrTia 
furoiia.   Fig.   IBl,   p.    14B).      In  other  fonUB,  again,  the 

broad,  deejily-lobe<l  thallus  has  an  evident  midrib,  and  its  margins,  as  in  the  cane  of 
Jilatia  pitiilla  (Pig.  11,  p.  14),  exhibit  an  incipient  segmentation  into  leaf-like 
members.  The  minority  of  Juii^nruiiiiiiacea'',  however,  show  a  distinct  segment- 
ation into  stem  and  leaflets.  The  latter  consist  of  one  layer  of  cells  withont  a 
midrib,  and  are  inserted  with  obliquely  directed  laminie  in  two  rows  on  each  flank 
of  the  stem.  Some  species  fe,(/,  FraHania  Taaiaraci,  a  delicately  branched 
Liverwort  of  a  brownish  eolour  occurring  on  rocks  and  traS'trunks)  have  alio 
a  ventnl  row  of  small  scale  ■  like  leaves,  aniphigaBtria  (FiR.  318,  n).  The  dorsal 
leaves  are  frequently  divided  into  an  upper  and 
lower  lobe.  In  species  growing  in  dry  places,  like 
the  [irevioualy  cited  Fmllania,  the  lower  lobe  is 
moditied  into  a  sac,  and  serves  as  a  capillary  water- 
reservoir.  The  leaves  regularly  overlap  each  other ; 
they  ore  Iheu  said  to  be  tuixuiiina,  when  the  pos- 
terior edges  of  the  leaves  are  oferbpped  by  tbe 
anterior  edges  of  those  next  helow  {Fntllania,  Fig. 
319).  or  iiieuboui,  if  the  poateHot  e<lges  of  the 
leaves  overlap  the  anterior  edges  of  the  leaves  next 
above  (/"/uj/iVAf/.i,  Fig.  12,  p.  14), 

The  branching  stems  of  the  folios*  Jungcrman- 

BinwiM  arc  either  |)rostrate  or  |«rtiaHy  erect,  and 

in  conse<iuence  of  the  manner  in  wliieh  the  leaves 

Fin.  SIV.— Part  uf  ■  ihoul  «r  Frrii-   develop,  present  a  distinctly  dorsiventral  appearance. 

Iiiiiia'Aiw(irt*:<.«wnfrouiboluw.         The  long-stalked  sporogoniura  la  alao  chara«- 

tDtit!!T"i  '^li'n  r'       u         -   toristie  of  tliii  order ;  it  is  already  filUy  develojied 

a.  atuuhliaiirfuin.    (■  M.)        '   before  it  in  pushed  through  the  a|>ex  of  the  arehe- 

gonial   wall   by   the  elongating  slatk.      It   has   a 

spherical  capsule  which  on  rapturing  splits  into  four  valves  (Figi.  II,   12),     No 

columella  is  formed  in  the  capsule  ;  but  in  addition  to  stioree  it  always  produvM 

elaleta.  which  by  their  movements  while  drying  scatter  the  spores. 

According  to  the  pcaitiim  of  the  sporogonia,  two  inb-nrders  are  distingnished. 
(a)  AnaoTigynMui  JHngermanuiaaat. — The  sporogonia  arise  Laterally,  and  are 
ntiiated  on  the  dorsal  side  of  the  tballus  or  stem.     They  are  encircled  at  the  base 


by  ftn  involucre,  a  Bheatli-like  outgrowth  ot  tlie  th«iluH  or  Btem  (c.!/.  Biasia pn^iHa, 
Pig.  11). 

(S)  Aa-ogtpum»  JuMgermamiiauiie. —This  group  includes  only  foliose  forms  {t.f. 
Plagiockila  tapU'itioidra).  The  Bparc^onui  arise  apicslly  from  the  extreroitiea 
of  the  stem  or  its  branoheg.  and  are  Bunwinded  by  a  perianth  formed  of  spncUl, 
characteristically -shaped  leaves  (Fig.  12).  The  minority  of  the  Jungermtamiaaa* 
Tesemble  the  true  Mossea ;  they  are  small  and  grow  on  the  ground  or  on  tree-tmnlu, 
and  in  the  tropica  also  on  the  leaves  of  forest  plants. 


Class  n 
Husci  (Mosses) 

The  profusely -branched  protonema  of  the  Mosses  appears  to 
the  naked  eye  ob  a  fe]t«d  growth  of  fine,  green  filaments  (Fig.  312). 
Buds  are  developed  ou  the  protonema,  which  grow  by  means  of  a 
three-sided  apical  cell,  and  give  rise  to  Hosa-plants,  which  always 
exhibit  segmentation  into  stem  and  leaves.  The  leafy  Mosses  may 
be  readily  distinguished  from  the  foliose  Jungermanniaceas  by  the 
spiral  arrangement  of  their  small  leaves,  which  are  rarely  arranged  in 
two  rows.  In  Mosses  which  have  prostrate  stems,  the  leaves,  although 
arranged  spirally,  frequently  assume  a  somewhat  outspread  position, 
and  all  face  one  way,  so  that  in  such  cases  a  distinction  between  an 
upper  and  a  lower  side  is  manifested,  but  in  a  manner  dilfereat  from 
that  of  the  Liverworts. 

The  STEM  OF  THK  Moss-PLANT  is  formed  of  cells  which  become 
gradually  smaller  and  thicker -walled  towards  the  periphery.  In 
the  stems  of  many  genera  {r.g.  Mniam,  Fig.  1S9,  p.  H7)  there  is 
found  a  central,  axial  strand  consisting  either  of  elongated,  conduct- 
ing cells  with  narrow  lumina  and  devoid  of  protoplasm,  or  of  such 
empty  cells  together  with  others  filled  with  protoplasmic  cont«nte. 
These  strands,  which  are  not  always  present,  may  be  regarded  as 
incipient  vascular  bundles.  They  do  not  occur,  for  instance,  in  the 
genus  Sjiluigntim,  which  grows  in  awampy  places.  The  stems  of  this 
Moss  show  a  peculiar  development  of  the  outer  cortical  layers  (t'ig. 
320,  C).  The  celb  in  these  layers  are  devoid  of  protoplasm,  and  are 
in  communication  with  each  other  and  the  atmosphere  by  means  of 
large,  open  pores;  to  secure  rigidity,  they  are  also  provided  with 
spirally  thickened  walls.  Tliey  have  a  remarkable  power  of  capillary 
absorption,  and  serve  as  reservoirs  for  storing  and  conducting  water. 

The  LEAVES  of  the  true  Mosses  have,  as  a  rule,  a  very  simple 
structure.  Tiiey  consist  usually  of  a  single  layer  of  polygonal  cells 
containing  chloroplaats  (Fig.  85,  p.  56 ;  Fig.  72,  p.  68),  and  are 
generally  provided  with  a  conducting  bundle  of  elongated  cella  The 
leaves  of  the  Bog  Mosses  (Sjikiiffnactae)  have  no  bundles,  and  instead 
are  supplied  with  capillary  cells  for  the  absorption  and  storage  of 


water.  TJieae  celJg  are  devoid  of  protoplftsm,  and  are  similar  to  those 
in  the  periphery  of  the  stem,  but  lai^er  and  more  elongated  ;  their 
walls,  which  ore  jwrforated,  are  strengthened  by  transverse  thickeniDg 
bands  (Fig.  320,  A,  B).  Between  them  are  other  elongated,  reticulately 
imitfid  cells  containing  chloroplaats.  A  similar  ditTerentiation  of  the 
leaf  cells  oecurs  in  a  few  other  Woaaea  {e.g.  LfiKobrynm  vtUgate). 

A  more  complicated  structure  of  the  leaves  resulting  from  their 
adaptation  to  the  absorption  of  water  is  exhibited  by  Polytridium 
commune.  In  this  Moss  the  leaves  develop  on  their  upper  surface 
numerous,  crowded,  vertical  lamellae,  one  cell  thick ;  these  contain 
clilorophyll  aud  function  as  assimilatory  tissue,  while  the  spaces  be- 


-.1,  SarlUiaviawor  *  pwtloti  oT  *  h^f  of  Siitmi 

lent  (Mtlon  at  ■  IcaT  oT  SfAofiwin  jlnM^luiH;  a,  «U  KmUlnlng  FhlorophyU ; 
v.  a,fii]*ry  call :  v.  tblckmlng  biDdi ;  I.  port :  C.  [an  of  *  Cnntvcrte  ttcHon  ol  the  itciii  ot 
tt>tn;iiKn  ctnMfilliim  :  c,  «ntr*l»U*',  ik,  •elnnraclij'iiiAUiiu  cortiul  cellt :  u;  cipllliu7  eelli 
with  ■»»■  (I)  1 't  cpl'lTU'lt.    (>:  1^.) 

tween  the  lamella  serve  as  reservoirs  for  the  storage  of  water.  In  a 
dry  atmosphere  the  leaves  fold  together,  and  thus  protect  the  delicate 
lainellie  from  excessive  transpiration. 

The  RHIZOIDS  (Fig.  3*21,  B),  each  of  which  consists  of  a  single  row 
(jf  cells,  spring  from  the  base  of  the  stem.  In  structure  they  resemble 
the  protonemata,  into  which  they  sometimes  become  converted,  and 
then  give  rise  to  new  Moss-plants. 

The  SEXUAL  ORGANS  are  always  borne  in  groups  at  the  apices 
either  of  the  main  axes  or  of  small,  lateral  branches,  surrounded  by 
their  upper  leaves  ;  each  group  with  its  involucrat  leaves  constituting  a 
receptacle.  The  antheridial  and  archegonial  receptacles  are  sometimes 
inappropriately  referred  to  as  Moss  flowers,  but  they  have  nothing  in 
common  with  the  true  flowers  of  vascular  plants  ;  the  involucral  leaves, 
which  frequently  have  a  distinctive  structure,  are  also  known  as  the 


PEK[CH.ETIA,  Between  the  sexual  organs  there  ai-e  usually  present  a 
number  of  multicellular  hairs  or  paraphysea.  The  Moss-plants  may  be 
monoeciouG,  in  which  case  both  kin<Is  of  sexual  oi^ans  are  borne 
on  the  same  plant  either  in  the  some  or  ditfereul  receptacles ;  or 
dioecious,  and  then  the  antheridia  and  archegonia  arise  on  differenl 
plants. 

The  spOROGONiUM  of  the  Mosses  develops  a  capsule  with  an  axial 
COLUMRLLA  consisting  of  sterile  tissue.  The  spore-sac  surrounds  the 
columella,  which  accumulates  food  material  and  water  for  the  develoji- 
ing  s^Tores,  Elaters  are  never  formed.  Distinctive  variations  in  the 
mode  of  development  and  structure  of  the  capsules  are  exhibited  by 
the  four  orders  of  the  Musci :  Sphaipiaceae,  Andrtaeaceiu,  PhtiffiiKoe,  and 
Bryinae. 

Order  I.  Bryinae 

lu  thia  order  (termed  also  Slrg-jear/iuf),  whicli  includes  tlic  niajority  ot  &11  the 
true  Mosses,  tlie  Moss  t'ruit  nCtaiiis  ila  most  i!oiu[i1iciited  stnicturf.  Thu  ti\ie 
BPoKOOOXiVH,  ilevelopei)  from  tlie  fertilised  egg,  cansiatB  of  a  loug  stalk,  the  srta 
(Fig.  321,  S,  a),  with  &  foot  at  its  buse,  sunk  in  the  tissue  of  the  motlier  plsnl, 
sod  of  a  CAP8ULB(fc),  wbicb  in  its  young  stages  is  surmountMl  by  n  hood  or  calyp- 
,  THA  [A,  e).  The  calyptra  is  tlironn  olT  before  the  s[wres  arc  ripe.  It  coiuista  «C 
one  or  two  layers  of  elongated  oelhi,  and  originally  romied  {lart  ot  the  wall  of  thv 
archegonium  which,  at  RrsC,  euclosed  tlie  embryo,  growing  in  sin-  as  it  grew,  nnti], 
finally  ruptured  by  the  elongation  of  the  acta,  it  was  carried  up  as  a  cap,  covering 
the  capsule.  In  the  Liverworts  the  ealyptrais,  on  the  contrary,  always  picreed  by 
the  elongating  a]>orogaQinin,  and  forms  a  sheath  at  its  base.  The  upper  part  of 
the  seta,  where  it  joins  the  capsule,  sometimes  Wonies  distinctly  enlarged  and  i* 
then  termed  the  apopbvsis.  In  JUiiium  it  is  scarcely  distinguishable,  but  in 
Palglriehum  eomnmne  it  lias  tlie  forni  of  a  swollen  ring-like  protuberance  (Fig,  333, 
ap),  wliilu  iu  species  of  SplaehnttiH  it  dilates  into  a  large  cushion-like  structure 
ofa  yellow  or  red  colour,  upon  which  the  capsule  appears  only  sis  a  snuiU  protuber- 
ance. The  upper  part  of  the  capsule  becomes  ouuverted  into  a  lid  or  operculum 
(Fig.  32i,  d).  whicli  is  sometimes  drawn  out  into  a  projecting  tip.  At  the  margin 
of  the  opercnliuu  a  narrow  Eone  of  epidermal  oelis  termed  the  ring  or  ahndLiCB 
becomes  specially  ditTerentiated.  The  cells  of  the  annulus  contain  muoUage,  uid 
by  their  expausiou  at  maturity  assist  greatly  iu  throwing  otT  tlie  lid.  Iu  moat 
stegocarpous  Mosses  the  mouth  of  the  dehisced  capsule  bears  a  fringe,  the  PEKt- 
CToMX,  consisting  usually  of  tooth-like  apjiendages. 

The  peristome  of  J/»fuut  karAum  (Fig.  321,  6',  p)  is  double  ;  tlie  oat«r  lieristoin* 
is  formed  of  IS  ]iointed,  transversely  btri]>e(i  teeth  {D)  inserted  on  the  inner 
margin  of  the  wall  of  the  capsule.  They  ai'e  strongly  hygroscopic  ;  u|iening  in 
dry  weather,  they  allow  of  tlie  dispersion  of  the  spores,  while  iu  wet  weather  th(^ 
close  again  and  shut  in  the  spore  masses.  The  inner  peristome  lies  just  within  I)m 
outer,  and  consists  of  cilia-like  appeudages,  which  are  ribbed  on  the  inner  side  ud . 
thus  appear  transversely  striped  ;  they  coalesce  at  their  base  into  a  eontiniioBB 
membrane  (£).  Two  uilia  of  the  i[iuer  peristome  are  always  situated  between  ei 
two  toeth  of  the  outer  row.  The  cilia  facilitate  the  dissenituation  of  the  sp« 
by  their  hygroeoopia  morcmeuts.' 

The  teeth  and  cilia  of  the  pcriBtome  are  formed  iu  this  initance  of  thickened 
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portiotw  of  the  oiipoaite  Wall*  or  a  single  layer  of  cells  next  la  tho  operciiluni  {Fig. 
323),  tlif  tevtti  (loni  jiortioiis  at  tlip  extprusl  wall,  ami  tho  cilU  from  portions  or 
the  intrm*!  walls  of  the  samo  layer.  On  the  0]>ening  of  tha  eapauls  the  uu. 
thickened  portions  of  this  Injer  break  away  and  the  teeth  and  cilia  split  apart. 
The  transvcraely  ribbed  markings  on  their  aurfaoo  indicate  the  position  of  ihe 
foniier  transverse  walls. 

•e  of  tbe  pristorae  variea  greatly  in  ditfertnt  siKci™  of  Enjiiuu. 


culuin:   rk.  MmUf.  C.  maluni   caffle    with 

rtas:   1.4,  luea 

lulni  «U  larari 

tb-  tlilckaned  m 

pirbloiiHi  I«tU  uf  lb*  ouKr  mw :  E,  imrt  of 

oiltw  |«rii*)n«! 

<r.  d-,  d":  b. 

lnii.r  p.ri.u,i,ie.    (A.  B.  i«t.  .!«:  f  »  3 ;  K,  B 
XM.) 

pr-Jectlnij  rll«  < 

By  ita  |«culiar  form  aocl  hygroscopic  movements  tho  prriirtome  eanscs  «  gradual 
diasenti nation  of  the  sjwrps  fn>m  the  ca|>Nule, 

The  Dcntral  axial  ]iortion  of  the  ca]>snla  is  oeciipied  by  the  Lirge-celled  coir- 
MRi.LA.  It  Is  completely  surrounded  by  the  sporogenoiis  tissue,  the  ■o-callod  apore- 
»ae.,  which  is  sepskTated  from  Chp  wall  of  the  oaiiHule  and  sourtiinM  alao  ^m  the 
columella  by  loose  aaainiilatury  titiHue,  Stomata  oci^ur  in  the  epidermis  uf  the 
upaul«.  The  Moaa  fruit,  in  conformity  with  ita  anatmnical  structure,  takes  port  in 
aasiniilation.  It  ripens  slowly  outside  the  arehegouium,  while  the  sporoganium 
of  tho  Liverworts  remains  enclosed  witliin  it  until  maturity. 


894  BOTANY  pabt  ii 

Variations  in  the  form  of  the  capsule,  peristome,  operculum,  and  calyptra 
afford  the  most  important  means  of  distinguishing  the  different  genera.  The 
Bryinat  are  first  divided  into  two  sub-orders,  according  to  the  position  of  the  arche- 
gonia  or  of  the  sporogonia  developed  from  them. 

(a)  Bryinae  aeroearpae. — The  archegonia,  and  consequently  the  sporogonia,  are 
terminal  on  the  main  axis.  Mnium  homum,  the  species  referred  to  above  (Fig. 
821 ),  belongs  to  this  group  ;  it  grows  in  damp  places,  in  woods  and  at  the  base  of 
rocky  cliffs.  Polytrichum  commune,  a  common  acrocarpous  Moss,  which  is  found 
abundantly  in  high  latitudes,  has  a  stem  often  several  decimetres  long  (Fig.  323). 
The  four-sided  grooved  capsule  is  borne  on  a  long  stalk,  with  a  ring-like  apophysis, 
and  is  almost  completely  encased  by  the  brown  felted  calyptra.  The  peristome 
is  single  and  consists  of  32  teeth.  Funaria  hygromctrieay  another  very  familiar 
example  of  the  Aerocarp<u,  is  found  growing  on  the  ground  and  on  walls.  The 
leafy  stems  of  this  species  are  very  small  ;  the  oblique  capsules  are  pear-shaped 
and  raised  upon  a  long  hygroscopic  seta,  which  becomes  spirally  twisted  when 
dry,  but  straightens  again  if  moistened.  Schistostega  osmundacea,  a  moss  living  in 
caves,  has  fertile  shoots,  which  have  spirally  arranged  leaves  and  bear  stalked 
capsules  devoid  of  peristomes,  and  also  other  shoots  that  are  sterile,  with  two  rows 
of  leaves  (Fig.  324,  A,  B).  The  protonema  of  this  species  gives  out  an  emerald 
light  (p.  223).  Its  branched  filaments  place  themselves  in  a  plane  perpendicular 
to  the  incident  rays  of  light,  so  that  the  cells,  which  are  disc-shaped,  projecting 
conically  on  the  under  side,  reflect  the  light  in  the  same  way  as  a  reflecting  mirror 
(Fig.  325). 

(6)  Bryinae  pieuroearpae. — The  growth  of  the  main  axis  is  unlimited,  and  the 
archegonia  with  their  sporogonia  arise  on  short,  lateral  branches  (Fig.  326).  In 
this  group  are  included  numerous,  usually  profusely  branched  species  of  large 
Wood  Mosses  belonging  to  the  genera  Hylocomiumy  X^ckcra,  and  ffypnum,  and 
also  the  submerged  Water  Moss,  ForUinalis  antipyretica. 

Order  2.  Phascaceae 

To  the  Phaseaceat  {CJeisiocarpae)  belong  small  Mosses  with  few  leaves  growing 
on  the  soil ;  they  retain  their  filamentous  protonemata  until  the  capsules  are  ripe, 
and  have  the  simplest  structure  of  all  the  Mosses  (Fig.  327).  The  hooded  capsule  is 
terminal  and  has  only  a  short  stalk.  It  does  not  open  with  a  lid,  but  the  spores 
are  set  free  by  the  decay  of  its  walls. 

Order  3.  Andreaeaceae 

The  Andrtaeactae  i^Schizooarpae)  coTa\iT\se  only  the  one  genus,  Andrea^a,  small, 
brownish  caespitose  Mosses  growing  on  rocks.  The  sporogonium  is  also  terminal 
in  this  order.  The  cajtsule,  at  first  pro>ided  with  a  calyptra,  splits  into  four  longi- 
tudinal valves,  which  remain  united  at  the  base  and  a(>ex  (Fig.  32$).  The  stalk  is 
short,  and  is  expanded  at  the  base  into  a  foot  {SpO,  which  in  turn  is  borne  on  a 
(«eudoiH>dium  {ps),  a  stalk-like  prolongation  of  the  stem  resulting  from  its  elonga- 
tion after  the  fertilisation  of  the  archegonium. 

Order  4.  Spha^aceae 

The  order  of  the  Spha^^naccaef  or  Bog  Mo&ses,  includes  only  a  single  genus, 
Sphaynum.  The  Bog  Mosses  grow  in  swampy  pUces,  which  they  cover  with  a 
thick  carpet  saturated  with  water.     The  upper  extremities  of  the  stems  continue 


their  growtli  from  year  to  yew,  while  Ihtt  lower  portions  die  away  and  browae  j 

fventually  converted    into   peat.      Of  the   DumerouB    lateral    branches    arising  i 
from  each  of  the  shootti,  some  grow  upn-sMa  and  form  the  apical  tiifta  or  heads 

at  the  summits  of  tlic  atenis  :  others,  nliicli  arc  more  elongated  aud  flagellironu  { 
in  ehupe,  turn  downwardii  and  euvelo]>  the  lower  portiona  of  tlie  stem  (Fig.  328, 

A).     Every  year  one  liraneli  below  tlie  apex   dcveiopB  as  strongly  as  the  moth«r  i 

slioot,  so  that  the  stem  tbuii  becomes  falsely  bifurcated.     By  the  gradual  death  ' 

of  the   stem   from   below  upwards   tlie  daughter  slioota  become  separated  froin  , 

it,  and  form   indcjwndeut  plants.     Specinl  brauvhes  of  the  tuftt^d  heads,   eitlier  . 


B,  ArDhHgnniDiii  with  (I 
lEonlum  in  luiigitiiUliint  t 
■rcbe^oblnni  \  up/,  foot  c 
E,  Riplnieil   Biitluriah 


ruptared  caljrptca ;  d,  opennlaiiL    (ADn  V.  I 


■hixit  vHh  four  lipe  aporo^tiL 
iTlar  fiiihr/o  ol  the  >poroKOiMiiin  rw  ;  C,  a  young  (poi 
pieailopcaKiiio  ;ni,arcfaeganiiilwal]orcalyp[n:  at,  nacik 
iiin;  t,  Hpsule;  r»,  columnlta;  j}»,  •porc.«e  wlUi  wfout 
apJDE  apeniutDialdl :  F,  alngla  epfnultoiold.  hlcfa 
ttb  1  nniiliul  ii|«ngntilnm  i   ■ 


e  otbn-  tl 


on  the  «ame  plants  (montecious)  or  on  dllTercnt  stocks  (diiecions),  are  distinpiUb- 
able  by  their  different  structare  and  colour ;  on  those  the  sexual  organs  atu  jov* 
duced.   The  male  branches  pre  rise,  near  Che  loaves,  to  spherical  stalked  antbaridut; 
which  o|)en  at  the  apiues  by  means  of  retroflexing  valves,  and  let  free  the  apirml)r 
twisted  spermatozoiils  (Fig.  329,  £.  F).     Tlie  arcbegonla  are  borne  at  the  tin  i 
the  female  branches.     After  fertilisation,  the  multicellular  embryo  of  a  sporogOBln 
(£)  is  produced  IVum  the  egg-cell.     The  s|>on^oDinm  develops  a  sliort  atalk  wi\ 
an  expanded  foot  (C),  but  remains  for  a  tiuic  enolowd  by  the  archegoDial  mill^ 
calyptra.     Uimid  the  rupture  of  the  archegonium,  the  calyptra  jirrsisti  joM  «•  I 
the  ffipalicac  at  the  base  of  the  aporogonium.     The  capsule  is  spheric*!  aad  hi 
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1  ilame-shajicd  cnluiiiulls,  whicb  in  turn  is  uverarchcd  hy  a  hcuiiitplierical  apore-Kiiu 
{*po) ;  it  poasesBus  lui  nperculunt.  but  no  peristome.  The  riiw  sporoguiiutn,  like 
tliat  ot  Anilreatu,  is  borne  ujiod  s  proioDgationorthe  stem  axis,  tlie  jiseudopodiuin, 
whicli  is  ex]iaiided  at  the  toi>  to  receive  the  foot  of  tbe  stalk.  Of  the  [leculiar 
structure  of  the  leaves  and  stem  cortex  a  description  has  olreaxiyhceHBiven  (p.  S90). 


III.   PTERIDOPHYTA   (VASCULAR  CRYPTOGAMS) 

The  PteridophytcB  iiiclmie  the  Ferns,  Water-Ferns,  Horse-tails, 
ani  Club  Mosses,  and  represent  the  most  highly  developed  Cryptogams. 
In  the  development  of  the  plants  forming  this  group,  as  in  the  £r^ 
jihtjta,  a  distinct  alternation  of  generations  is  exhibited.  The  first 
generation,  the  sexual,  bears  the  antheridia  and  archegonia;  the 
second,  the  asexual,  develops  from  the  fertilised  egg  and  produces 
asexual,  unicellular  spores.  On  germination  the  spores  in  turn  give  rise 
to  a  sexual  generation.  Both  the  sexual  and  asexual  generations 
of  the  PttridopkyUi  present  marked  variations  in  tlie  mode  of  their 
developmenL 

The  sexual  geneii^vtion  is  termed  the  pROTHALLiufti  or  gamk- 
TopHYTE.  In  some  forms  it  neverreaches  any  great  sisie,  Iwing  at  most 
a  few  centimetres  in  diamnlcr:  it  rr'?r'iiiWof!  in  npiic:iriiii-o  :i  pimpln, 
tlittlloid     Liverwort  ;      it 

then  consists  of  a.  small        .  '  i  , 

green  thallus,  attached 
to  the  soil  liy  rhizoids  i 
springing  from  the  under  I 
side  (Fig.  330,  A).  At 
other  limes  the  proth.xl- 
lium  is  lituncbed  un<l 
filamentous ;  sometimes  it 
is  a  tul)erous,  colourless 
mass  of  tissue,  and  parti- 
ally or  wholly  buried  in 
the  ground,  leading  a 
saprophytic  existence, 
while  in  certain  other 
dirisions  of    the   Pieri'hi-  f.„.  am. -_h .,.<■' f—  lau  ™.   a.  p™tii«ui«.r.  ««  bwii 

pt'tfUl  it  Undei^oes    reduc-        ItIh*;  "•■,  ar-^hLTrmln ;  «",  nuiljctidli, ;  r*.  rbjioUIsi  II, 

tion  and  remains  more  or  6'"ii,'|'i'^"'iJ|f''''u.*ih(prt,N«'I^'''^x'ei™*si^  **"''" 
loss  completely   enclosed 

within  the  spore.  On  the  prothallia  arise  the  sexual  oi^ans,  anther- 
idia producing  numerous  ciliate,  usually  spiral  spermatozoids,  and 
archegonia,  in  each  of  whiclt  is  a  single  egg-cell.  As  in  the  Mosses 
the  jireaence  of  water  is  necessary  for  fertilisation. 

After  fertilisation  the  egg-cell  develops  into  a  multicellular  embryo. 
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which  becomes  the  asexual  generation,  as  in  the  Bryopkifla.  The 
Bryophyta  and  Plei-idophyta  have  accordingly  been  classed  together  as 
Embryophyla  by  Engler,  and  termed  Emhryo}ikyla  zoUlioganui,  becaose 
the  male  cells  are  developed  as  Bpermatozoids. 

The  asexual  generation  or  sporophyte  la  represented  by  a  plant 
[wsaeaaing  a  highly  differentiated  internal  structure,  and  externally 
segmented  into  stem,  leaves,  and  roots.  In  the  majority  of  Pterido- 
phytea,  the  fertilised  egg-cell,  while  still  in  tlie  archegoniuni  (Fig. 
339),  surrounds  itself  with  a  ceil  wall  and  undergoes  division,  first 
into  two  cells,  by  the  formation  of  a  transverse  or  basal  wall,  and  then 
into  octants  by  two  walls  at  right  angles  to  each  other  and  to  the 
basal  wall.  By  the  further  division  of  these  eight  cells  the  half  above 
the  basal  wall  gives  rise  to  the  tissues  of  the  stem  apex  and  the  first 
leaf,  while  from  the 
half  below  the  basal 
wall  's  produced  the 
p  marv  oot,  and  an 
o  gan  p  uliar  to  the 
Pter  doi  hytes,  the  so- 
c  Ued  F  IT  (Fig.  331, 
A  B)  The  foot  is 
a  mass  of  tissue,  by 
means  ol  which  the 
young  embryo  remains 
tta  hed  to  the  parent 
p  olhall    m     and     ab- 


f  om  t,  ntil,  by  the 
development  of  its  own 
roots  and  leaves,  it  is 
able   to   nourish   itself 


ment  of  the  toot  /,  of  Ihe  >If  m  (,  of  thr  Unt  leaf  b,  of  the  rool 
V  :  S.HCtlODofs  rurtliar.<lsTe1<ipa(l  taibryo  vt  PUrti  aijpiUiJui 
itStxi  HDrMSiiTEB];  /,  toot  iliU  noibeililed  in  the  enlugRl 
Tcnln  of  ths  UGlKeoalnm  nu;  yr,  prothnmiim.    (HignlSed.) 

independently.  The 
prothallium  then  usually  dies.  The  stem  developed  from  th« 
embryonic  nidiment  may  be  eitlier  simple  or  bifurcated,  erect  or 
prostrate ;  it  braiiches  witliout  reference  to  the  leaves,  which  ara 
airanged  spirally  or  in  whorls,  or  occupy  a  dorsiventral  position. 
Instead  of  rhizoids,  true  roots  are  produced,  as  in  the  Phanerogams. 
The  leaves  also  correspond  in  structure  with  those  of  the  Phanero- 
gams. Stems,  leaves,  and  root  are  traversed  by  wcll'difTerentiabed 
vascular  bundles,  and  the  Ptcridophytes  are,  in  consequence,  designated 
Vascular  Cryptogams.  The  bundles,  which  as  a  rule  have  the  sama 
structure  throughout  the  whole  group,  are  constructed  after  a  special 
type  (cf.  pp.  104,  IH,  and  Figs.  13],  127,  128).  Secondary  growth 
in  thickness,  resulting  from  the  activity  of  a  special  cambium,  ocenn 
only  occasionally  in  existing  forms,  but  it  was  characteristic  of  tlifl 
stems  of  certain  extinct  groups  of  Ptcridophytes. 


» 


The  SPOBKS  are  jiroduced  vegetatively  in  special  receptacles  termed 
SPORANGIA,  which  occur  on  the  asexual  generation,  either  on  the  leaves, 
or  less  frequently  on  the  gtems  in  the  axils  of  the  leaves.  The  spori- 
feroiis  leaves  are  termed  sporophti.ls.  The  sporangium  conaista  of  a 
wall  composed  of  several  layers  of  cells  encloaing  the  sporogenous  tissue, 
the  ceils  of  which,  becoming  rounded  off  and  separated  from  each  other  as 
spore  mother-cells,  give  rise  each  to  fourtetrahedral  sporcB( spore-tetrads). 
The  cells  of  the  innermost  lnyer  of  the  spomngial  wall  are  rich  in 
protoplasm,  and  constitute  the  tapeti'm.  In  the  course  of  the 
development  of  a  sporangium  the  walls  of  the  tapetal  layer  become 
dissolved.  The  tapetal  cells  then  wander  in  between  the  spore 
mother  cells,  so  that  the  spores  eventually  lie  embedded  in  a  muci- 
laginous protoplasmic  mass,  the  periplasm,  from  which  they  derive 
nourishment.  Only  the  outermost  layer  of  the  wall  is  retained  by  the 
mature  sporangium.  The  spoi'es  are  all  unicellular.  Each  spore  has 
a  wall  composed  of  two  coats,  an  exinb,  which  is  cutinised,  and  an 
iNTrNE,  consisting  of  cellulose.  The  spores  of  certain  Pteridophytes 
are  invested  by  a  second  specially  differentiated  outer  coat,  the  PER- 
INiUM,  which  is  divided  from  the  protoplasm  of  the  tapetal  cells. 

The  spores  of  the  majority  of  the  Pteridophytes  have  all  the  same 
structure,  and  give  rise  on  germination  to  a  prothallinm,  which  pro- 
duces both  antheridia  and  archegonia.  In  certain  cases,  however,  the 
prothallia  are  dicecious.  This  separation  of  the  sexes  extends  in 
some  groups  even  to  the  spores,  which,  as  MACROSPOREs,  developed 
in  Macrosporangia,  give  rise  only  to  female  prothallia ;  or  as  MICRO- 
SPORES, which  are  produced  in  microsporangia,  develop  similarly 
only  male  prothallia.  In  accordance  with  this  difference  in  the  spores, 
a  distinction  may  be  made  between  the  UOMOSPOROUS  and  HKTKRO- 
SPORous  forms  of  the  same  group;  but  this  distinction  has  no 
■yetematic  value  in  defining  the  different  groups  themselves,  as  it  is 
manifested  to  an  equal  degree  in  groups  in  other  respects  quite 
distinct. 

Compared  with  the  Biyophi/tti,  the  asexual  cormophytic  generation 
of  the  Pteridophytes  corres|>ondB  to  the  sporogonium,  the  prothallium, 
on  the  other  hand,  to  the  Moss-plants  with  its  protonema ;  although 
both  groups  may  have  originated  phylogenetically  from  a  common 
ancestor,  they  have  followed  altogether  difTerent  directions  in  the 
course  of  their  further  development.  The  correspondence  in  the 
structure  of  their  sexual  organs,  in  {tarticular,  points  to  the  existence 
of  a  relationship  between  them ;  on  the  other  hand,  their  asexual 
generations  exhibit  the  greatest  disagreement,  so  that  it  would  not 
aeem  admissible  to  regard  the  asexual  generation  of  the  Pteridophytes 
as  derived  from  the  sporogonium  of  the  Mosses,  although  it  is 
manifestly  homologous  with  it. 

The  existing  Pleridophijta  are  classified  as  follows  : — 

1.  FUkinat. — Ferns,  stem  simple  or  branched,  with  well-developed. 


itlt«rtiate,  ofteu  deeply  divided  or  compound  leaves.  Sporangia  eitlier 
ou  the  under  fiido  of  the  sporophyllB,  united  in  aori  or  free,  orencIoMdi. 
in  special  segmentB  of  the  leAvea. 

Order  1.  Filicfs.— Ferns,  in  the  narrower  sense.     HomospoiOUS. 

Order  2.  Hydropkrideiie. — Water-Ferns.     Heteroaporoiu, 

2.  Equisetinae. — Horae-tails,  stem  simple  or  verticiilately  brancbed) 
with  wliorled,  scale-like  leaves  forming  a  united  sheath  at  each  node. 
Sjiorophylls  shield-shaped,  bearing  the  sporangia  on  the  under  side,  onii 
aggregated  into  a  cone  at  the  apex  of  each  fertile  shoot 

Order  3.  Equiselaeeae. — Horse-taik.     Uomosporous. 

3.  Lycopodinae. — Club  Mosses.  Stems  elongated,  dichotomously 
branched,  either  forked  or  forming  a  sympodinm,  with  leaves, 
many  cases  greatly  reduced,  or  shortened  and  tuberous  with  awl- 
shaped  leaves.  Sporangia  arising  singly  in  the  form  of  firm-walled 
capsules  either  from  the  stem,  in  the  leaf-axils,  or  from  the  leaf-base. 

Order  4,  Li/cofjtlUiceat.^Chih  Mosses.     Homosporons. 
Order  5.  Sdagmellacene. — Heterosporous. 
There  ore  also  various  fossil  groups,  some  of  which  are  includi 
in  the  above  divisions,  while  some  form  independent  orders. 


Filicinae  (Ferns) 
Order  1.  Ftltces 

The  Fiiiees  (True  Ferns)  constitute  the  larger  part  of  the  Vasculu 
Cryptogams.  They  comprise  a  large  number  of  genera  with  numeroiw 
species,  being  widely  distributed  in  all  pnrta  of  the  world.  Thej 
attain  their  highest  development  in  the  tropica.  The  Tree-Fena 
(Ci/tUhen,  Ahojihila,  etc.),  which  include  the  largest  reprusentntives  < 
the  order,  occur  in  tropical  countries,  and  characterise  the  8peci 
family  of  ilie  Cyatheacuie.  The  stem  of  a  Tree-Fern  is  woody  ami 
unbranched  ;  it  bears  at  the  apex  a  rosette  of  pinnately  compoand 
leaves  or  fronds,  which  are  produced  in  succession  from  the  termioal 
bud,  and  leave,  when  dead,  a  large  leaf  scar  on  the  trunk.  The  et«m 
resembling  that  of  a  Palm  in  habit,  it  is  attached  to  the  soil  by  i 
of  numerous  adventitious  roots. 

The  majority  of  Ferns,  however,  are  herbaceous,  and  \ 
creeping  rhizome,  terminating  usually  in  a  rosette  of  pinnate  or  deep! 
divided  leaves.     Such  a  habit  and  growth  are  illustrated  by  the  comma 
Fern  Ai^Unm  jUix  mas,  the  rhizome  of  which  is  officinal. 

When  young,  the  leaves  (I'ronds)  of  this  Fern  are  coiled  at  theti 
(Fig.  332,  l,u),  a  peculiarity  common  to  the  Ferns  as  a  whole,  and  toll 


Water-FeiTis.  Unlike  the  leaves  of  Phanerogama,  Fern  leaves  continas 
to  grow  ai  tlie  apex  until  their  full  aize  is  attained.  The  leavea  of 
the  conimoa  Puhjpodiiim  tuhjare  are  pinnate,  and  spring  singly  from 
the  iipi>er  side  of  tint  branched  rhizome,  which  creeps  Bmongfit  Moss 
or  on  rocks.  In  other  cases  the  leaves  may  be 
simple  and  undivided,  as  in  the  Hart's-Tongui 
y^f";  Fern,  Scolopendriwn  mtlgare,  at  one  time  officinal 
*-™^  and  designated  Herha  linguae  cemnae  (Fig-  333). 
In  the  tropics  many  herbaceous  Ferns  grow 
;is  L-])ipliytes  on  forest  trees.  Peculiar  browoish 
sr;tle3  {paleae,  Tamenla),  often  fringed  and  consist- 
iiil;  of  a  single  layer  of  cells,  invest  the  stems, 
]iL'tioles,  and  sometimes  also  the  leaves  of  most 
IVnis  (Fig.  113,  p.  98). 

The  si>orangia  are  generally  produced  in  bu^e 
numbers,  on  the  under  side  of  the  leaves.  The 
E{x)rophylb,  as  a  rule,  resemble  the  sterile,  foliage 
leaves.  In  a  few  genera  a  pronounced  betero- 
phyll  is  exhibited :  thus,  in  the  Ostrich  Fern, 
Strathiojileris  geriiuiHica,  the  dark-brown  sporO' 
pbylls  are  smaller  and  less  profusely  branched, 
standing  in  groups  in  the  centre  of  a  rosette  of 
large  foliage  leaves. 

In  the  ditlerout  families,  differences  in  the 
mode  of  development,  as  well  as  in  the  form, 
irasition,  and  structure  of  the  sporanoia,  are 
manifested. 

The  sporangia  of  the  PoLYPODIAcEAK, 
which  family  the  most  familiar  and  largest  nutn- 
ber  of  species  are  comprised,  are  united  in  groapa 
or  soRi  on  the  under  side  of  the  leaves,  at  the  enda 
of  or  between  the  branches  of  the  nerves.  They  are  borne  on  a  cuabion- 
like  projection  of  tissue  termed  the  RErKPTACLE  (Fig.  332,  5),  and  in 
many  species  are  covered  by  a  protective  membrane,  the  INDUSIUM, 
which  is  an  overgrowth  of  the  tissue  of  the  leaf  {Fig.  333,  3-5  ; 
Fig.  334,  A,  i).  Kacb  sporangium  arises  by  the  division  of  a  single 
epidermal  cell,  and  consists,  when  ripe  (Fig.  334,  ^-£),  of  a  capsul* 
attached  to  the  receptacle  by  a  slender  multicellular  stalk,  containing 
a  large  number  of  spores  with  a  ribbed  or  warty  thickened  oxine 
(Fig.  334,  F).  The  wall  of  the  capsule  is  formed  of  a  single  layer  oT 
cells.  A  row  of  cells  with  strongly  thickened  radial  and  inner 
walls,  extending  from  the  stalk  over  the  dorsal  side  and  top  to  the 
middle  of  the  ventral  side  of  the  capsule,  are  specially  developed  as  & 
ring  iir  ANNULt;s,  by  means  of  which  the  dehiscence  of  the  sporangium 
is  effected,  Through  the  contraction,  on  loss  of  water,  of  the  this 
outer  walls  of  the  cells  composing  the  ring,  it  springs  backwards,  and 
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produces  a  transverse  rupture  of  the  capsule  between  the  broad  cells 
iit  its  extremity  (Fi-j.  334,  E).  It  tiien  returns  suddenly  to  its  original 
position,  only  once  more  to  uncoil  until  it  assumes  a  nearly  vertical 
position. 

The  form  and  insertion  of  the  son,  the  shape  of  the  indusium 
when   present,    ur  its  absence,    all  constitute  important    criteria    for 


<li sting uishing  the  dilTereiit  genera.  The  soil  of  Sroloptndriwm  (Fig. 
.333)  are  linear,  ami  covered  with  a  lip -shaped  indusium  con- 
sisting of  one  cell-layer.  They  are  so  dis|K)st;d  in  pairs,  on  difierent 
sides  of  every  two  successive  nerves,  that  they  apjiear  to  have  a 
double  indusium  o]>ening  in  tlie  middle  (Fig.  334,  A).  In  structure 
the  indusium  resembles  the  epidermis,  but  the  stomata  are  absent,  and 
the  chroraatophores  are  colourless.  In  tlie  genus  Aspiditim,  on  the 
other  hand,  each  sorus  is  orbicular  in  form  and  covered  by  a  peltate 
or  reniform  indusium  attached  to  the  apex  of  the  placenta.      The  son 
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of  Polypodium  vulgare  are  also  orbicular,  but  they  have  no  induaia. 
tbe  common  Brake,  Ptejis  aquiliiui,  the  aporaDgia  form  a  continuous  | 
line  along  the  entire  inargiD  of  the  leaf,  which  folds  over  and  coven  { 
them  with  a  fake  induaium. 

The  sporangia  of  tbe  Ciju-theaeent,  to  which  fainlly  belong  jirinr^igAll)'  the  ti 
like  Ferns,  are  oharacterised  by  b  complete  annulus  extendiug  obliqaely  over 
apei  of  the  oapsule  (Fig.  335,   B).      Tho   Hymeiwphytlaceae,  ufton  growing  u    | 


Fid.  38«.^S]»nuigli  (iiugutned).    A, 


epiphytesonTree-Ferns,  have  also  sporangi a.  with  a  complete,  oblique,  or  boruontal 
anDQlus.  The  sporangia  of  the  Sehixaeaetae,  on  the  other  hand,  have  an  spia«l 
annulus  (Fig.  33G,  C),  while  in  the  Oimwidaixae,  of  which  the  Bnyal  Fern,  OimunJa 
regalii,  is  a  familiar  example,  the  annulas  is  represented  merely  by  a,  group  of  thiok- 
walled  cells  just  below  tlie  apex  of  the  sjioianginni  (Fig.  335,  A). 

Fema,  like  those  just  referred  to,  in  which  each  sporangium  ii 
developed  from  a  single  epidemiat  cell,  are  classed  together  as  Filka 
leptosporan^tof,  in  distinction  to  the  EaspornttffiJtlae,  in  which  tha 
sporangia  take  their  origin  from  a  group  of  epidermal  and  underlying 
_  cells.     The  Ews/wungiatae  compriee  thft 

two    families    Maratiiacfae    and    Ophi^ 
(fhssaaar. 

Thu  HaTolliaixae  are  tropical  Ferns,   with 
thick,  tuberous  sterna  and  gigantic  fronda, 
with  two  stipules  at  the  base.     Their  mi 
s]K)rangiik  are  proi-ided   with  a  stifT  and  tin! 
maoy-lHjereil  wall,  and  are  either  free  (.^i^ 
^  A    "P''''^'),   or  all   thu   sporangia  of  a  aoma  m 
united  in  an  oval,  0B|>sule-like  body,  dlndi 
,.    ''{^'''^   into   *    uorrcspouding    number    of    diBmlN 

The  Ophiofflouaeeae  inclode  but  (bw  ipecic 

Examples  of  this  family  are  afforded  t^  Opki 

Taliim,  Adder's  Tongue,  and  Bolrythium,  Moonwort  (Fig.  837).     Bol 

t  stem,  Irani  whicli  only  a  single  leaf  unfolds  each  year.     Tha  Imt 

»  are  provided  with  leaf-shoalbs,  and  peculiarly  divided  i 
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and  sterile  segments.  In  Ophioglossum  the  sterile  leaf-like  segment  is  tongue- 
8hai>ed,  the  fertile  segment  narrow  and  cylindrical,  bearing  the  sporangia  in  two 
rows  sunk  in  the  tissue.  The  sterile  jwrtion  of  the  leaf  of 
Botnjchium  is  pinnate,  while  the  fertile  segment  is  pin- 
nately  branched,  and  thickly  beset  on  the  inner  side  with 
large  nearly  spherical  sporangia. 

All  the  members  of  the  Filices  are  homosporous. 
The  PROTHALLIUM  has  usually  the  form  of  a  fiat, 
heart-shaped  thallus  (Fig.  330),  bearing  the  anther- 
idia  and  archegonia  on  the  under  side ;  but  in 
Botn/chium  it  is  represented,  on  the  contrary,  by  a 
small  subterranean  tuberous  body  which  is  sapro- 
phytic, and  produces  the  sexual  organs  on  the 
upper  side.  In  certain  Ilymenophyllaceae  (Tri- 
rhornanes),  on  the  other  hand,  the  prothallium  is 
filiform  and  branched,  resembling  in  structure  the 
protonema  of  the  Mosses,  and  producing  the 
antheridia  and  archegonia  on  lateral  branches. 

The  ANTHERIDIA  and  ARCHEGONIA  are  similarly 
constructed  in  nearly  all  Ferns ;  those  of  Poli/- 
pixlhim  vulgar e  (Figs.  338,  339)  may  serve  as  a 
type.  The  antheridia  are  spherical  projecting 
bodies  (Fig.  338,  A,  p),  arising  on  young  pro- 
thallia  by  the  septation  and  further  division  of 
papilljp-like    protrusions    from    single    superficial 

cells.  When  mature, 
A  ^^7t:'-\  jf  gj^ch    antheridium 

consists  of  a  central 
cellular  cavity,  filled 
with       spermatozoid 
mother-cells,  and  en- 
closed    by     a     wall 
formed  of  two  ring- 
shaped  cells  {A,  1,  2)  and  a  lid -cell  (3). 
The   spermatozoid    mother-cells  are   pro- 
duced by  the  division  of  the  central  cells. 
Ji      \\         They  are  discharged  from  the  antheridium 

Fk;.  33S. -/o/yiXK/ium  vuUjart.  A,  ^Y  ^^^  prcssure  excrtcd  by  the  swollen 
Mature,  n,  diwharged  nntheri-  riug-cells,  and  the  couscqucnt  rupturiug 
,ih„,. ;  ;,.  ,.roti,«m„m  C.11 ;  1  ,,,d  (,£  j^^  M-coU.      Each  mothef-cell  thus 

2,  rinj?-8hapod  cells  ;  3,  hd-coll ;  r,       .      .     i    i-,  ^  .      „  .,     , 

a  Hi«rinatozoifi  in  motion  ;  />,  one  cjected  liberates  a  Spirally  coiled  sperma- 
ttxeti  with  iodine  goiution.  (A,  B  tozoid.     The   auteHor  extremity  of  the 

s|)ermatozoiu  is  beset  with  numerous 
cilia,  while  attached  to  its  i)osterior  end  is  a  small  vesicle  which  con- 
tains a  number  of  granules,  and  represents  the  unused  remnant  of 
the  contents  of  the  mother-cell  (Fig.  338,  />,  C ;  Fig.  70,  B,  p.  67). 


Fhj.  337.— IMrychium  Lun- 
(^  nat.  size.) 


ana. 


The  archegojiia  arise  from  the  many-layered  median  portion  of 
older  prothallia.  They  are  developed  from  a  single  superficial  cell, 
and  cousist  of  a  ventral  portion,  embedded  in  the  prothallium,  and  a 
neck  portion.  The  neck,  which  projects  above  the  surface  of  the 
prothallium,  consists  of  a  wall  composed  of  a  single  layer  of  cells 
made  up  of  four  cell  rows  (Fig.  339,  A,  B)  ;  it  enclosBs  a  central  row 
of  cells,  the  neck-canal -eel  Is. 


Fhi.  3W.~i^)fHwtiiin  eii 


The  ventral  portion  comprises  the  large  egg-cell  and  ventral  canal- 
cell  immediately  above  it.  As  the  archegonitun  matures,  the  canal-cella 
become  disorganised,  atid  fill  the  canal  with  a  strongly  refractive 
mucilaginous  substance.  This  swells  on  the  admission  of  water,  and 
rupturing  the  neck  at  the  apex  is  discharged  from  the  archegonium, 
which  is  now  ready  for  fertilieatioD.  By  means  of  an  acid  excretion 
(malic  acid)  diffused  tn  the  surrounding  water  tho  spermatosoida  ara 
attracted  to  the  archegonium,  and  penetrate  to  the  egg-cell.  After 
fertilisation  of  the  egg  by  one  of  the  apcrmatozoids,  the  egg-oell  sur- 
rounds itself  with  a  cell  wall,  and  without  entering  upon  a  condition  of 
rest  develops  into  the  embryo  of  the  asexual  generation,  as  already 
described  (p.  398,  Fig.  331). 

Officinal. — The  only  representative  of  the  Ferns  Is  Aspidntm  jiiix 
mas  (Rhizoma  FILICIS). 

Order  2.  Hydropierideae  (Water-Ferns) 

The  Water-Ferns  include  only  a  few  genera,  which  are  more  or  leea 
aquatic  in  habit,  growing  either  in  water  or  marshy  jilaces.  The  macro- 
and  micro  sporangia  do  not  develop,  like  those  of  the  filieex,  on  the 
under  side  of  the  leaves,  but  are  enclosed  in  special  receptacles  at  their 
base,  constituting  sporungial  fructifications  or  sporocarpis.  To  designate 
this  order  Uhizocarpof,  as  was  formerly  the  custom,  is  not  appropriate 
as  the  B|K)rocarp3  do  not  arise  on  the  roots,  but  always  on  tlio  leaves. 
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The  WaMr-Fems  are  divided  into  two  families,  Marsiliaceae  and 

Salviniaceaf,  each  of  whieb  includes  two  genpra. 

Ma'niliatffie. — Of  the   two    genera  belonging  to   this   family    the 

more  important  is  the  genus  Marsilin,  com- 

jiriaing   about   fifty  species,   of   which   M. 

•jiuvlri/oliitla  (Fig.  340)  may  be  taken  as  an 

example.     This   species   grows   in   marahy 

meadows,    and    has    a    slender,     creeping, 

hranclied   axis,  bearing  at  intervals   single 

leaves.     The  young  leaves  are  coiled  at  the 

tip  (circinate) ;  iu  this  respect  the  leaves  of 

the  MiirsilitKeae  exhibit  the  same  mode  of 

i^wth  as  those  of  the  Ferns.     Each   leal' 

has  a  long  erect  petiole,  snrmoiinieti  by  a 

compound  lamina  composed  of  two  [»air  of 

leaflets  inserted    in   close   proximity.     The 

Ktalketl  oval  sporocarps  (s)  are   formed    in 

jtairs  above  the  base  of  the  leaf-stalk,  or  in 

other  species  they  are  more  numerous  ;  they 

represent  a  fertile  leaf-segment  correspond- 
^  ing  to  the  biju- 

gat«  sterile  leaf 
lamina.  The 
s  porangia, 
united  in  son, 
are  encloseil 
within  the  cup-  ' 
eule,  disposed 
in  two  rows  in 

correspondingly  arranged  cavities  ;  in  the 
young  fruit  each  chamber  ojens  outwards 
nn  the  ventral  side  by  means  of  a  narrow 
canal,  which  eventually  becomes  closed. 
The  sporangia  are  developed  originally,  as 
in  the  Fern,  irora  sniterlicial  cells,  but 
become  arched  over  by  the  surrounding 
tissue,  and  thus  subse<]uenlly  appear  as  if 
formed  in  internal  chambers. 

Filiilnria,   the   second   genus   included 

in   this  family,   grows  also  in    bogs  and 

.   nmrshes.     It  differs  from   Mamlia  in  ils 

simple  linear  leaves,  at  the  base  of  which 

occur    the    spherical     sporocarjM,    which 

arise  singly  from  the  base  of  each  sterile  leaf-segment  (Fig.  341). 

Salnniafrar..  —  This   family   contains   only   free  -  floating   aquatic 

plants  belonging  to  the  two  genera  Salnnia  and  Azdia.     In  Salrinia 


'in.  sK.  —  SlanUia  qmtdrifiiUiaa. 
n,   Voung   liar:  i,   (|»nj«aii>'. 

(AfUi  BriHntorr.  ndncnl,) 


nalans,  as  representative  of  the  first  genus,  the  s[iaringly  branched  1 
stem  gives  rise  to  three  leaves  at  each  node.     The  two  upper  leave*  1 
of  each  whorl  are  ovul  in   shape,  and  developed  as  floating  foliage 
leaves ;  the  third,  on  the  other  hand,  is  suhmergcd,  and  consists  of  a 
number  of  pendent  filamentous  segments  which  are  densely  covered  <j 
with  baire,  and  assume  the  functions  of   the   missing   roots.      The  J 
sporocarps  have  an  entirely  different  mode  of  development  from  that  j 
of  the  Mafiiliauat ;  tbey  are  spherical,  and  are  borne  in  small  groups    . 
on  the  submerged  leaves  at  the   base  of  the  filamentous  segments  j 
(Fig.  342).     The  sporangia  are  produced  within  the  sporocarp  from  | 
a  column-like  receptacle,  which  correaiionda  in  origin  to  a  modified   j 
leaf -segment.       The   envelope  of   the  sporocarp  is   equivalent  to  an 
induaium  ;  it  arises  as  a  new  growth  in  the  form  of  an  annular  wall. 


..  i-tiibrironlc  plut :  mtp,  DUCroiporF ;  f,  iirntlullliiii. .  . 
liHviis  ;  h\,  th?  KMstlcid  Kutllbrin  imt.    (ARv r  PaiiciauKiit 

wliich  is  at  first  cup-shaped,  but  ultimately  closes  over  the  rcce|)tacl(i  i 
and  its  sorus  of  sporangia. 

The  second  genus,  Azolla,  is  chiefly  tropical,  represented  by  small  i 
floating  [ilants  profusely  branched,  and  beset  wjtli  two-ranked  closely  1 
crowded  leaves.  Each  leaf  consists  of  two  lobes,  of  which  the  upper  I 
floats  on  the  surface  of  the  water,  while  the  lower  is  snbmet;ged.  A  J 
small  cavity  enclosed  within  the  upper  lobe,  with  a  narrow  orificvl 
opening  outwards,  is  always  inhabited  by  filaments  of  an  Algal 
(Anohofiia).  From  the  fact  that  haii-s  grow  out  of  the  walls  of  th«  fl 
cavity  between  the  algal  filaments,  the  existence  of  a  symbiotic  reW  J 
tion  between  the  two  plants  would  seem  to  l>e  indicated.  TTnUkal 
Suhinia,  Jzolla  possesses  true  roots  developed  from  the  under  sido  oil 
the  stem.  The  s|>orocarps  are  nearly  spherical,  and  produced  IUuaU/« 
in  pairs  on  the  untler  side  of  the  first  leaf  of  some  of  the  late 
branches. 
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In  the  structure  of  the  sporangia  and  spores,  and  in  the  development 
of  the  prothallia,  the  Ilydropteridtae  differ  in  many  respects  from  the 
F'dwes.     These  differences  may  be  best  understood  on  reference  to 

Salvinia  nafanx  as  an  example.  The  sporocarps  contain  either  nitmeroua 
microsporangia  or  a  smaller  number  of  macrosporangia  (Fig.  343,  A, 
fiui,  mi).  In  structure  both  forms  of  sporangia  resemble  the  sporangia 
of  the  leptosporangiftte    Ferns ;    they   are  stalked,    and   have,    when 


mature,  a  thin  wall  of  one  cell-layer  but  no  annulus  (if,  £>).  The 
MiCROSPOBANOiA  enclose  a  large  number  of  microspores,  which,  as  a 
result  of  their  development  in  tetrads  from  the  mother-cells,  are 
disposed  in  groups  of  four  (6%  ami  embedded  in  a  hardened  frothy 
mass  filling  the  cavity  of  the  sporangium.  This  frothy  interstitial 
substance  is  derived  from  the  tapctal  cells,  which  gradually  lose  their 
imlividuality  and  wander  in  between  the  spore  mother-cells. 

The  microspores  are  not  discharged,  but  while  still  enclosed  within 


the  unruptured  micrceporangiura,  each  germinating  microspore  pats 
out  a  short  tubular  male  prothallium,  which  pierces  the  sporangial 
wall.  In  this  process  the  microspore  first  divides  into  three  cells 
(Fig.  344,  A,  LIU) ;  tlie  lowest  (/)  then  cuts  off  a  small  lenticular- 
shaped  cell  {B,  p),  which  may  be  re- 
garded as  the  rudiment  of  an  unde- 
veloped root-hair  cut  off  from  the  larger 
cell  II.  The  latter  (h)  thereupon  elon- 
gates and  pushes  the  other  two  cells  (//, 
III)  out  of  the  microsporangium.  These 
two  ceils  each  give  rise,  by  further 
division,  to  two  sterile  cells  and  two 
spermatogenous  cells,  representing  two 
antben'dia  with  their  respective  sterile 
wall-cells.  Each  antheridium  produces 
four  sperm atozoids,  which  are  set  freO' 
by  the  rupture  of  the  cell  walls. 
Although  the  whole  male  prothallium 
is  thus  greatly  reduced,  it  neverthelesa 
exhibits  in  its  structure  a  pronounced 
resemblance  to  the  prothallia  of  the 
■  Filices. 

,  The  MACROSPORANGIA  are  larger 
'  than  the  microsporaugia,  but  their  walla 
consist  similarly  of  one  cell-layer  (Fig. 
I  343,  D).  Each  niaerosporangium  pro- 
'  duces  only  a  single  largo  macrospore,. 
[  which  develops  at  the  expense  of  ills 
numerous  spores  originally  formed.  The 
;  macrospore  is  densely  filleil  with  larga 
augular  proteid  grains  {!>,  E,  «),  oil 
globules,  and  starch  grains  ;  at  its  apes, 
the  protoplasm  is  denser  and  contains  the  nucleus  (E,  n) ;  the  ntent-i 
brane  of  the  spore  is  covered  by  a  dense  brown  e.'rinium  {E,  t),  whick'i 
in  turn  is  enclosed  in  a  thick  frothy  envelope,  the  perinium,  inv««t)og  ■ 
the  whole  spore  and  corresponding  to  the  interstitial  substance  of  ths 
microspores,  and  also  formed  from  the  dissolution  of  the  tapetal  cells. 
The  macrosijore  remains  within  the  sjKirangtum,  which  is  evoiitnalljr 
set  free  from  the  mother  plant.  On  the  germination  of  the  macrO' 
spore,  a  small-celled  female  prothallium  is  formed  by  the  division  of 
the  denser  protoplasm  at  tlie  apex,  while  the  large  iinderlying  eetl 
does  not  take  part  in  the  division,  Imt  from  its  reserve  material  pro- 
vides the  developing  prothallium  with  nourishment  The  spore  mil 
splits  into  three  valves,  the  sporangia  are  ruptured,  and  the  greea 
prothallium  protrudes  as  a  small  saddle-shaped  body.  On  it  thrM 
archegonift  are  produced,   hut  only  the  fertilised  egg-cell  of   one  of 
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them  develops  into  an  embryo,  whose  foot,  remaining  for  a  time  sunk 
in  the  venter  of  the  archegonia,  finally  ruptures  it  (Fig  3i^)  The 
first  leaf  of  the  germ-plant  is  shield  shaped  (Fig   342    C) 


bnt  tlio  sporangia 
spores  ot 


The  (ievelopmenl  of  AmIIu  proucsd*  m  s  similar 
and  spores  exhibit  •  nutuber  of  distinctive  peeulmnti 
theniicroBpotHDgiaaruaggreg&ted 
into  levetal  nearly  spherics]  balls 
orm»s8uI«,  formed  from  the  inter- 
stitial snbataDne  derived  from  the 
protoplasm  of  the  tapetal  celU. 
Each  mawiula,  enclosing  a  num- 
ber of  spores,  is  beset  extomally 
with  barbed,  hook  ■  like  out- 
growths of  the  interatitiol  Bub- 
Btanae.  On  the  rupture  of  the 
sportuigia  th«  nussulc  ore  act 
free  in  the  water,  and  are  carried 
to  the  macraspores,  to  which 
they  hook  thcmaelvea  fast.  A 
aporocarp  contains  oue  iiisoru- 
sporangium,  in  which  only  a 
single  macrospore  comes  to  matu- 
rity ;  iu  the  course  of  its  develop- 
ment it  supplants  all  the  other 
■pore-rudiments,  and  finally  the 
sporaugial  wall  itself  become h 
flattened  against  the  inner  wall  of 
the  aporocarp,  frequeutly  under- 
going at  the  same  time  partial 
diHoliition.  The  macroiipore  is 
enveloped  by  a  spongy  perinjum 
whoce  out«r  snrface  exhibits 
nuuieroui  depressions  and  pro- 
tulwraoces  prolonged  tnio  flia-  i 
meuM.  At  the  apex  of  the  s[>ore 
the  [leriuiiim  expands  into  three 
pear-shaped  appendages,  while 
the  upper  lart  of  the  ruptured 
s|>oraugiaiu  remains  attached  to  the  spore  in  the  form  of  an  umbrella-like  expansion. 
The  formation  of  the  protballia  is  elfccted  in  essentially  the  same  way  as  in  Sal- 
rinia,  except  that  only  one  antheridium  with  eight  sperraatozoids  arises  on  each 
or  the  small  male  prothallia  protruding  from  a  maasula. 

In  the  case  of  the  Martiliaccat  the  prothallia  are  even  more  reduced,  but  other- 
wine  their  mode  of  development  is  ver;  simitar.  Each  of  the  minute  female 
jirothalliB  formed  at  the  apices  of  the  macrospores  produce  a  aingle  arohegonium. 

The  sporocorps  of  the  Martilinctat  have  a  more  complicated  structure :  thosn  of 
Pilularia  glainili/tra  are  divided  into  four  ehamlwrs,  each  with  a  single  soroa  :  iu 
Martilia  they  enclose  numerous  sori  (14-lB)  disjiosed  in  two  towh.  The  uori  In 
both  genera  eontnin  both  micro- a  ud  macrosporaugia,  while  those  of  the  •VitIriitJa«o< 
are  always  unisexual. 
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PART  II 


Class  II 


Equisetinae  (Horse-tails) 

The  Equisetinae,  which  form  an  entirely  independent  class,  include 
only  the  one  genus  Equisetum,  comprising  25  species,  found  widely 
distributed  over  the  whole  world.  Developed  partly  as  land-,  partly 
as  swamp-plants,  they  may  always  be  distinguished  by  the  character- 
istic structure  and  habit  of  the  asexual  generation.  They  have  a 
branching,  underground  rhizome  on  which  arise  erect,  aerial  haulms, 

usually  of  annual  growth.  The 
rhizome  of  the  common  Horse-tail, 
Equmtum  arveiise,  develops  also  short 
tuber-like  branches  which  function 
as  reservoirs  of  reserve  material  and 
hibernating  organs  (Fig.  347,  2,  a). 
The  aerial  haulms  remain  either 
simple,  or  they  give  rise  to  branch 
whorls,  and  these  in  turn  to  whorls 
^^  of  a  higher  order.  Each  axis  con- 
sists of  a  series  of  elongated  inter- 
nodes  ;  externally,  it  is  channelled 
by  longitudinal  furrows,  while  in- 
ternally it  is  traversed  by  a  central 
air- passage  and  by  a  number  of 
smaller  peripheral  passages,  valle- 
tion  through  the  stem,  w,  Lysigenic  medui-  ^ular  cauals,   one  Opposite  each  of 

lary  cavity ;  f,  emlmlerinis ;  c/,  carinal  canals      ■,         -  .y^.         .ii/»\        t>    . 

In  the  bicollateral  bundles ;  W,  vallecular    ^he    furrowS    (1^  Ig.     346).       Between 

cavities;  /ij>,  sclerenchymatous  strands  in    the     central    and     vallecular    Cauals, 

the  nirrows  and  ridges :  cA  tissue  of  the  ^^^  alternating  with  the   latter,  is 

primary  cort<<x  containing  chlomphyll ;  »t,  .  f     ?  •      n  i  i 

rowsofstomau.   (x  11.)  a    Circle     of    bicollateral     vascular 

bundles,  each  of  which  is  thus  in 
a  line  with  a  surface  ridge.  Each  vascular  bundle  is  also  traversed 
by  a  longitudinal  water-passage,  the  carinal  canal. 

The  leaves  of  the  Equisetinae,  both  in  their  structure  and  in  the 
manner  of  their  arrangement  on  the  stem,  are  also  characteristically 
developed.  At  each  node  is  borne  a  whorl  of  scale  leaves  pointed  at 
the  tips,  and  united  below  into  a  sheath  closely  enveloping  the  base 
of  each  internode.  The  leaves  of  the  successive  whorls  alternate 
regularly  with  each  other,  and  as  each  leaf  is  in  direct  continuation 
with  a  surface  ridge  of  the  next  lower  internode,  the  same  alter- 
nating arrangement  is  apparent  in  the  ridges  of  two  successive  inter- 
nodes.  The  lateml  branches  are  developed  in  the  axils  of  the 
scale  leaves,  but  not  having  space  to  grow  upwards  they  pierce  the 
narrow  sheath.     As  a  result  of  the   reduction  of  the  leaf  laminae. 
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the  haulms  themselves  assume  the  function  of  assimilation,  and  for 
that  (mrpose  their  cortical  tissue  under  the  epidermis  is  provided  with 
chlorophyll. 

The  SPORASOIA  are  formed  of  specially  shaped  leaves  or  sporo- 
phylls.  Like  the  scale  leaves  the  sporopliylls  are  developed  in  whorls, 
but  are  closely  aggregated  at  the  tips  of  the  erect  fertile  shoots  into 
a  cone  (Fig.  347,  1,  a),  which  is  sometimes  sjKiken  of  as  a  Hower, 
from  the  correspondence  in  its  structure  to  the  male  Hower  of  the 
Conifers.  The  lowest  whorl  is  sterile,  and  forms  a  collar-like  pro- 
tuberance, which  may  be  regarded  as  a  modified  form  of  perianth. 
The  sporophylls  {Fig.  347,  3,  4)  are  stalked  and  have  a  shield-shaped 
lamina,  on  the  under  side  of  which  are  borne  the  euc-like  sporangia  (5- 
10).  In  the  young  sporangium  the  sporogenoua  tissue  is  surrounded 
by  a  wall  consisting  of  several  cell  layers,  but  eventually  the  so-called 
tapetal  cells  of  the  inner  layers  become  disorganised,  and  their  proto- 
plasm penetrates  between  the  developing  spores.  At  maturity,  the 
wall  of  the  sporangium  consists  only  of  the  outermost  of  the  original 
layers  whose  cells  are  provided  with  annular  and  spiral  thickenings ; 
tlie  sporangia  thus  resemble  the  homologous  pollen-sacs  of  Phanero- 
gams. The  sporangia  split  longitudinally,  and  set  free  a  large 
number  of  green  spores,  which  are  nearly  spherical  in  shape,  and  have 
peculiarly  constructed  walls.  In  aildition  to  the  inline  and  exine, 
the  ajKires  are  overlaid  with  a  pertnium  formed  from  the  protoplasm 
of  the  ta|)etal  cells,  and  consisting  of  two  intersecting  spiral  bands 
which  are  attached  to  the  spores  only  at  their  point  of  intersection 
(Fig.  347,  5-7).  On  drying,  the  spiral  bands  loosen  and  become 
uncoiled  ;  when  moistened  they  close  again  around  the  spore.  By 
means  of  their  hygroscopic  movements  they  serve  to  hook  together 
the  spores,  and  in  this  way  is  assured  the  close  proximity  of  the 
unisexual  prothallia  which  they  prodnce. 

In  certain  B[>ecies  some  uf  the  acriikl  hsulnis  alwiys  remun  sterile,  branching 
lirofiikely,  while  others  which  produce  tbe  termioal  cones  either  do  not  bralwh  at  sit, 
or  only  al  s  later  •t>){c.  and  then  spAringly.  This  distiiiction  between  tbe  sterile  md 
Tortile  lunlms  is  most  surlccd  in  Squiatlum  arstntt  and  Efuiutum  Telmalrja,  in 
botli  of  which  the  fertile  shouts  are  entirely  unbrsnched,  and  tenninate  in  a  single 
noD«  (Pig,  347,  1].  lUsembling  in  tlieir  caoda  or  lire  a  parasite  ujion  the  rhizumo, 
they  are  otherwise  distinguished  f>om  the  vegetative  hanlnia  by  their  lack  of 
chlorophyll  and  their  light  yellow  uolour. 

The  spores  are  all  of  one  kind,  and  on  germination  give  rise  to 
thalloid  I'ROTHALLIA,  which  are  generally  dia<ciou3.  In  the  adjoining 
tigiire  (Fig,  34i^)  a  male  protballium  of  E'luixelam  arvejise  is  represented, 
showing  the  first  formed  antheridia  (»)  somewhat  sunk  in  the  tissue. 
The  female  prothallia  attain  a  large  size,  and  branching  profusely,  are 
prolonged  into  erect,  ruffled  lobos  at  whose  base  the  archcgonia  are 
produced.  In  structure  the  aivhegoiiia  resemble  those  of  the  Ferns 
('•/.  Fig,   339,  p.   4U6),  but  tlie  upper  cells  of  the  four  longitudinal 
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also,  essentially  with  that  of  the  Fern-embryo,  except  tbat  the  first 
leaves  are  arranged  in  a  whorl  and  encircle  the  apex  of  the  stem. 
The  growth  of  the  embryo  is  effected  by 
the  division  of  a  three-sided  apical  cell 
(Figs.  162,  163,  pp.  149,  150). 

The  outer  epidermal  wa.Us  of  the  stem  are  more 
or  less  strongly  inipregnated  with  SJUca.  In 
Eqaiietum  kieinale,  aod  to  a  lesa  degree  in  EgxU- 
Ktnm  arvente,  the  eiliciRcation  of  the  external 
valU  is  carried  to  sueb  an  extent  tlmt  they  are 
used  for  scouring  metal  utensils  and  for  polishing 

Eiiuitetuiaiji'ja>\iettm,  growing  in  South  America, 
is  the  tallest  Hjieciee  of  the  genua ;  ita  branched 
Iiaulms,  half  supported  by  neighbouring  plants, 
attain  a  hei^lit  of  over  ten  metres. 

Tlie  extinct  CalniiiarifO',  which  foim  a  special 
class  of  Pleriduphyta,  aud  resemble  moat  nearly  tlie 
Eqaiaetiiuu,  attained  their  highest  development  in 
the  CaTbonifetoua  period.  Their  Jointed  stems, 
tfiniilar  to  those  of  tlie  Horw-tails,  the  ao-i»lleil  Fm.  iVi.~E-iniKlum  iiriruK.  Hale 
Calatnitea,  attained  the  dimensions  of  a  tree  and  prothalliuni  niDi  three  »iilh*r- 
bore  at  the  nodes  ve  rticil  lately  -  leaved  branches.  '^'^j'  **"'''  "o™"""""- 
These  branches,  which  have  also  been  described  an 

special  genera,  Aiiitulnrin  aud  Aslerophylliti}.  may  in  [art  have  belonged  to  smaller 
herbateoua  forms.  It  has  been  determined  with  certainty  that  the  sinrophylla  of 
the  concfl  of  some  species  bore  both  macro-  and  microaporangia  ;  while  other  species 
were  homosporous.  In  tlie  primary  structure  of  the  stenia  the  CalBiuitea  corr«' 
Hi»nd  essentially  with  the  .£^riwfinii>7,  but  ditfer  from  them  in  possessing  secondary 
grovth  in  thickness,  similar  to  that  of  Oymnoajwrms. 


Lycopodinae  (Club  Mosses) 

To  the  Lywpodiniie  belorif;,  as  their  most  important  and  widely 
distrilmteil  genera,  L^cojwdium,  Selai/iHella,  and  Ixaeles.  They  are  dis- 
tinguished from  the  other  I'leridophiflii,  of  wliich  they  resemble  inost 
nearly  the  euaporangiate  Filiren,  by  their  general  habit  and  the  mode 
of  their  Bporangial  development. 

Unlike  the  fertile  leaves  of  the  Filicinae  atid  Equixelinae,  which 
always  bear  numerous  sporangia,  the  sporophylls  of  the  Lyaipodinae 
produce  the  sporangia  singly,  at  the  base  of  the  leaves  or  in  their 
axils.  Although  in  many  cases  scarcely  distinguishable  from  the  sterile 
leaves,  the  sporophylls  are  frequently  distinctively  shaped,  and,  like 
those  of  Eqaiselttiii,  aggregated  at  the  ends  of  the  fertile  shoots  into 
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terminal  cone-like  flowers.  Compared  with  the  leaves,  the  sporangia 
are  relatively  large.  They  are  developed  in  the  same  way  as  those  of 
the  eusporangiate  Filices  and  Equisetinae,  from  a  projecting  group  of 
cells  derived  from  the  epidermis  and  the  underlying  tissue ;  while  in 
all  other  Pteridophyta  the  sporangia  are  developed  from  a  single 
epidermal  cell.  The  innermost  layer  of  the  sporangial  wall,  the 
tapetal  layer,  is  absorbed.  The  sporangia  have  no  annulus.  Except 
in  the  case  of  Isoetes,  whose  spores  become  free  by  the  decay  of  the 
sporangial  wall,  they  dehisce  by  longitudinal  slits,  which  divide  the 
sporangia  into  two  or  more  valves ;  the  slits  occur  where  the  walls  of 
rows  of  cells  have  remained  thin.  The  sporangia  of  Lycopodium  are 
homosporous ;  those  of  other  Lycopodinae  heterosporous.  The  hetero- 
sporous  forms  produce  only  greatly  modified  and  reduced  prothallia ; 
in  the  genus  Lycopodium^  on  the  other  hand,  the  prothallia  are  essen- 
tially the  same  as  those  of  the  Filices  and  EquiseUiceae.  In  the  develop- 
ment of  their  asexual  generation  the  heterosporous  Lycopodinae  resemble 
in  many  respects  the  heterosporous  Hydropteiideae, 

The  dichotomous  branching  of  the  stems  and  roots  is  characteristic 
of  this  class  (Figs.  18,  19,  p.  19);  in  the  genus  Isoetes,  however,  the 
stem  is  not  only  unbranched  but  also  tuberous. 

Order  1.  Lyeopodlaeeae 

The  numerous,  widely  distributed  species  of  the  genus  Lycjypodium 
(Club  Moss)  are  for  the  most  part  terrestrial  plants;  in  the  tropics 
epiphytic  forms  also  occur.  In  Lycopodium  clavaium,  one  of  the 
commonest  species,  the  stem,  which  is  thickly  covered  with  small,  awl- 
shaped  leaves,  creeps  along  the  ground  ;  it  branches  dichotomously, 
and  gives  rise  to  ascending  lateral  branches,  while  from  the  under 
side  spring  the  dichotomously  branched  roots  (Fig.  349).  The  flower- 
cones,  consisting  of  the  closely  aggregated  sporophylls,  are  situated  in 
groups  of  two  or  more  at  the  ends  of  the  forked,  erect  shoots.  The 
sporophylls  are  not  like  the  sterile  leaves  in  shape  ;  they  are  broader 
and  more  prolonged  at  the  tip  ;  each  bears  a  large  reniform  sporangium 
on  the  upper  side  at  the  base.  The  sporangium  opens  into  two  valves 
by  a  transverse  slit,  and  lets  free  numerous  minute  spores  (Fig. 
349,  2). 

Lycojmiium  Selago  differs  in  habit  from  the  other  species ;  its 
bifurcately-branched  stems  are  all  erect,  and  the  flower-cones  are  not 
distinct  from  the  vegetative  region  of  the  fertile  shoots. 

The  spores  of  the  Lycopodiums  are  all  of  one  kind,  and  in  conse- 
quence of  their  formation  in  tetrads  are  of  a  tetrahedral  though  some- 
what rounded  shape.    The  exine  is  covered  with  a  reticulate  thickening. 

The  mode  of  germination  and  development  of  the  sexual  generation 
have  as  yet  been  determined  only  for  a  few  species.  The  prothallia  of 
Lycopodium  annotinum^  a  species  nearly  related  to  L  clavatum^  were 


the  firai  to  be  discovered.  They  live  aa  saprophytea  and  have  the  form 
of  whitish,  subterranean  tubers  which  bear  the  sexual  organs  on  their 
u)>|)er  surface.  In  the  case  of  L.  inuTid'itum  they  are  found  on  damp  peaty 
soil,  aiiil  in  the  troiijcal  L  rernuam,  witli  erect  profusely- branched  ahoota, 
the  prothallJa  are  almost  devoid  of  chlorophyil  and  are  attached  to  the 
soil  by  rhizoida  ;  they  have  the  form  of  amali,  half-buried,  cushion-like 
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niaases  of  tisane  which  give  rise  to  green  aerial  thalloid  lolies.  The 
archegonia  occur  at  the  base  of  these  lubes,  the  antheridia  on 
their  surface.  Tlie  antheridia  are  Horaewhat  sunk  in  the  tissue  (Fig. 
350,  6"),  and  enclose  numerous  spermatozoid  mother-ceils,  in  which 
small  biciliato  spermatozoids  are  formed.  The  archegonia  (Fig. 
300,  D)  are  constructed  like  those  of  the  Ferns,  but  have  a  shorter 
2  F 


neck,  whose  upper  cells  become  diBorganised  on  opening.  The  pro- 
thallium  of  L.  i'ldegmaria,  found  on  trees  in  the  tropics,  is  also  sapro- 
phytic. It  consists  of  branching  strands  growing  under  the  bark  of 
trees,  and  is  characterised  by  the  poasession  of  a  vegetative  mode 
of  propagation  by  means  of   brood-tubera.      The  prothallia  of  Uia 


ic.  diKirgut*ediMek>~ 
euiu-oeu.    (Aiur  ihiipb,  x  kmj.j 

Lycopodiums  are  monoecious.  The  Gmbryonic  development,  which  ts 
effected  differently  from  that  in  the  Fems,  agrees  closely  with  that  of 
SelayindUi  (Fig.  355).  A  suspensor  or  KMBRYO- BEARER  is  developed  j 
it  is  not,  however,  laterally  inserted,  but  occurs  on  the  contrary  at 
the  foot  end  of  the  embryo. 

Offilinal. — (Lycopodh^m),  the  spores  of  Li/copoditun  davaium 
other  species. 

Order  2.  Selaglnellaceae 

To  this  order  belongs  the  genus  SdaffiiwiUj,  i-epreseutcd  by  numeroiu 
and  for  the  most  part  tropical  species.  They  have,  as  a  rule,  profusely 
forked,  creeping,  and  sympodially  branched  stems,  but  occaxioBally 
erect,  branched  stems  ;  some  form  moss-like  beds  of  vegetation  ;  otben^- 
climbing  on  adjacent  plants,  possess  stems  several  metres  long.  In 
general  the  Relaginellaa  are  similar  in  habit  to  the  Lycopodi 
They  have  small,  scale-like  leaves  which  usually  exhibit  a  dorat- 
ventral  arrangement,  auch  as  is  shown,   for  exnmpic,   in   the   AlfKM 
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StUigiHtila  helveliea  (Fig.  351),  whose  stem  ia  covered  with  two  rows  of 

Bmall  doreal  or  upper  leaves,  ami  opi>osite  to  them  two  rows  of  linger, 

ventral  or  under  leaves.    The  development 

of    a    Bmall,    niembranoua    tigiile  at    the 

base  of  the  leaves,  on  their  dorsal  side,  is 

characteristic  of  the  Selaginellas. 

As  in  L^/rnpiidium,  the  cones  or  flower- 

spikes)    are    lerminol.     Ekich    sporophyll 

subtends    only    one    sporangium,    which 

springs   from   the  stem  above  the  leaf- 

asil.     The  same  spike  Iwars  both  kinds  of 

sporangia ;   the  macros porangia  occur  in 

smaller  numbers  in  the  axils  of  the  lower 

sporophylls.     The  two  kinds  of  sporangia 

do  not  differ  so  much  in  size  as  in  form. 

Kiich  microsporangium  (Fig.  352,  I)  has 

the  form  of  a  flattened  capsule,  and  open- 
ing in  two  valves  discharges  numerous 

microspores.     The    macrosporangia  (Fig. 

352,  a),  on  the  contrary,  are  spherical, 

and  each  contains  only  four  macrospores, 

which  are  produced  by  the  growth  and 

division  of  a  single  sjtore-ro other-cell ;  all 

the  other  molher.cells  originally  developed   f  m.  ssi.— j,  jr. 

ultimately  disajipear.     On  account  of  the       ~  ' 

increasing  size  of  the  spores  the  macro- 
sporangia  become  inflated  and  nodular.   At 

maturity  they  split  into  several  valves. 

The  microspores  begin  their  development  while  still  enclosed 
within  the  sporangium.  The  spore 
first  divides  into  a  small  lenticular 
vegetative  cell  representing  the  pro- 
thaJlium,  and  into  a  large  cell  which 
represents  the  rudiment  of  an  anther- 
idium  ;  the  latter  divides  successively 
into  eight  sterile  peripheral  cells  and 
two  or  four  central  spermatogenous 
cells  (Fig.  353,  A).  By  the  further 
division  of  the  central  cells  numerous 
spermatozoid  mother-cells  are  formed 
(It'D).  The  peripheral  cells  theti 
"P"  break  down  and  give  rise  to  a  muci- 
,w);b,  higiuous  Eiibstanuc,  iu  which  is  era- 
niim>.  bedded  the  central  mass  of  sperma- 
tozoid  motherKrella  (£).     The  small 

prothallium-cell,  however,  persists.      Eventually  the  wall  ruptures,  and 
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the  mother-cells,  thus  liberated,  set  free  the  club-shaped  bicilj&te  spei^ 
matozoids  (/*).  The  reduction  here  exhibited  in  the  formation  of  the 
male  prothallium  resembles  that  shown  by  the  IlydTOplerideae  (p.  410). 
The  macFospores  similarly  begin  their  development  within  the 
sporangia.  Internally,  the  spore  is  filled  with  numerous  proteid 
grains,  while  the  nucleus  lies  in  the  peripheral  cytoplasm  at  the  apex. 
After  the  division  of  the  nucleus  into  daughter- nuclei  and  their 
distribution  in  the  apical  cytoplasm,  the  formation  of  cell  walls  begins. 
In  this  way,  progressing  from  apex  to  base,  the  spore  becomes  filled 
by  a  jtrocess  of  multicellular  formation,  with  large  prothallium -cells. 
At  the  same  time,  and  proceeding  in  the  same  direction,  there  begins 
a  further  division  of  these  cells  Into  smaller  cells.     In  the  tissue  at  the 
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apex,  consisting  of  small  cells,  the  rudiments  of  a  few  arciiegonia 
appear,  often  even  before  the  formation  of  the  prothullium  has  been 
completed.  The  archegonia  are  usunlly  not  formed  until  the  spores 
have  been  discharged  from  the  sporangium. 

The  formation  of  prothallia,  in  tht!  esse  of  Selaifiiiella,  as  also  in  the 
related  genus  Isoetes,  is  thus  effected  in  a  ditierent  manner  from  that 
in  the  other  Pleridophiih,  and  it  approaches  more  nearly  the  corre- 
sponding process  in  the  Conifers. 

The  wall  of  the  siwre  eventually  bursts  at  the  apex,  and  the 
prothiiilium  becomes  partially  protruded.  The  fertilisation  of  one  or 
two  arch''gonia,  which  then  takes  place,  is  followed  directly  by  the 
segmentation  of  the  fertilised  egg -cells  in  tlie  formation  of  the 
embryos  (fig.  354). 

The  embryogeny  of  Sehijintlla  is  very  similar  to  that  of  Lycopodium. 
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The  egg-cell  is  divided  by  the  formation  of 
cells  ;  tlie  upper  and  larger  cell 
increases  considerably  in  size, 
and  gives  rise,  by  the  division  of 
its  lower  poition,  to  a  auspensor 
(Fig.  355,  et),  while  the  lower 
epibasai  cell,  by  repeated  divi- 
sion, develo]>8  into  an  embryo, 
provided  with  two  primary 
leaves  and  further  segmented 
into  stem,  root,  and  foot  {U,  sf, 
«',  /).  The  foot,  in  this  in- 
stance, bas  another  position  and 
origin  than  in  Zywjmi/mn).  Each 
primary  leaf  liaa,  even  at  this 
stage,  a  ligide  (lig)  formed  by 
the  ontgrowth  of  the  leaf-base. 
The  anspensor  is  |  terpen - 
dicular  to  the  axis  of  the 
embryo  ;  Its  function  is  to  push 
the  embryo  into  the  tissue  of 
the  prothallium,  with  which 
the  foot,  the  organ  of  absorption,  is  thus  kept 


transverse  wall  into  two 


thulllurn.    (Aftr  TFErrEB,  x  181.) 

close  contact. 


stem  apex,  with  the  first  pair  of  leaves,  eventually  grovs  upwards,  and 
the  root   also   extends   beyond   the   macrospore.     Aa  the   foot   still 


remains  in  the  prtithallium  the  young  plant  continues  united  to  tfa«i 
spore,  and  presents  the  appearance  of  a  phanerogamic  seedling  wiUl 
the  seed  still  attached  (Fig.  351,  II). 


The  aocond  genua  of  this  order 
groving  eithvr  on  dump  Boil 
tulierons,  terntnating  below  ii 


r,  Isoclei,  the  Quillwott,  comprises  {lereiinitU  pUati, 
or  aubaiergi'd  in  water.      The  stem  is  aliort  ■ 
«  tuft  of  dichutumouslj  hrKnching  roots,  and  kbov* 
iu  a  thick  roaette  of  long,  etilT  kwl-sluiped 
leaven  (Fig.  350).     The  leaves  ue  penetrUod 
longitudinally  by  four  air  -  poesiiLgeB,  and  < 
pand  at  thti  base  into  a,  broad  sbtuth.     On  t 
inner  aide  of  the   leaves,  above   their   poiat 
of  insettion,  is  an  elonguted  pit,   the  fovea, 
containiag    a    large   sessUo   £[iaraDgium. 
ligule,  in  the  form  of  a  triangular  mumbrana, 
ia  inaertod  above  the  fovea.    Itncltt  thus  diffen 
gnmtly  iu   habit  from  the  other  genon,  bat 
reaemblea  Sttaginctia  in  the  developmrnt 
ligiilH. 

Tlie  macros porangia  are  nituat^d  on  lh« 
outer  leares  of  the  roaotte ;  the  microsporuigik 
on  the  inner.  Both  are  traversed  by  tr 
verae  plates  of  timue  or  trabecule,  and  ar 
this  way  imperfectly  divided  into  a  seiie 
olmmbors.  The  fli«raB  are  net  fr«  by  tha 
decay  of  tliu  aporaugial  walU. 

Tlje  developmeut  of  the  sexual  gcneratioB' 
is  accomplished  in  the  same  Tay  as  in  Stt 
nulla.  Tbo  reduced  nulo  protbaUitiin  «i 
similarly  witliiu  the  s^nre,  by  the  fonnatiaa 
of  a  Email,  leuciculur,  vegetative  cell,  and  • 
a.)  larger  oell,  tbe  rudiment  of  a  single  anther- 
idiuni.  The  larger  cell  divides  further  i 
four  Htorjle  peripheral  cells,  which  completely  eDclose  two  ceutral  aiwrniat«getiou>, 
oells.  From  each  of  the  latter  arise,  in  turn,  two  spermatozoid  nuthur-cells,  four  iai 
all,  each  of  which,  when  liberated  by  tbo  rupture  of  the  spore  wall,  gives  r«e  to  • 
single,  spirally  coiled,  multiuiliate  a{H-rmatuzuid.  The  female  prothallium,  just  m 
in  Hclaginella,  also  remains  enclosed  vithin  tbo  macrospore,  and  is  ineapaUs. 
of  independent  growth.  It  allows  similarly  an  approach  to  the  Gunif«r«,  in  that' 
the  uuoleus  firat  divides  into  numerous  parietal  daughter-nuclei  before  the  gradual ' 
formation  of  the  coll  walls,  which  takes  place  from  the  apex  of  the  apon  to  tb* 
liaae.  Aa  a  result  of  this  process  the  whole  sporo  beoomes  tilled  with  an  endoapcnn- 
like  prothallium,  at  the  apei  of  which  the  archegonia  are  developed. 
embryo  has  no  auapensor,  and  ia  similar  in  many  respects  to  the  embryo  of  tba< 
Monocotyledona,  to  which  the  mature  plant  alao  bears  a  strong  reflemblaneo. 

The  Ltpidodendrcae,  an  extinct  family  of  arborescent  Pteridnphytca  uecarriiig 
chiefly  in  the  Carboniferoua  period,  belong  also  to  the  Lyarpediiuui.  They  w«i 
uanally  sparingly  branched,  either  dichotomously  or  sympodially,  and  provided' 
with  linear  or  lauueolate  loaves,  tlius  resembling,  to  a  certain  extent,  gigantkallj 
developed  Club  Mosses.  Their  stems  increased  iu  thiukneas  by  secondary  growth, 
and  were  covered  with  cualiion-like  areas,  showing  tbe  acurs  of  the  faUen  )ea 
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Their  flowers  {Lepidostrohus)  had  the  form  of  scaly-leaved  cones  ;  each  sporophyll 
l)ore  a  large  sporangium.     Many  forms  were  heterosporous. 

To  the  Lycopodinae  may  probably  be  assigned  also  the  Siffillarieae,  arborescent 
j)lants  resembling  the  Lepidodendrcae.  Their  stems  were  either  very  sparingly 
(lichotomously  branched  or  entirely  unbranched,  and  were  characterised  also  by 
st'condary  growth.  The  Sigillarieae  were  probably  also  heterosporous.  They 
<lift'erod  from  the  Lepidodendreae  in  the  form  and  arrangement  of  the  leaf-scars, 
and  in  their  long-stalked,  cone-like  flowers  with  basally  ex|)anded  sporophylls. 

The  fossil  remains  of  the  Carboniferous  plants  known  under  the  name  of 
Stigmaria  correspond  to  the  roots  oi  SiijiUarieae  and  Lepidodendreae. 
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SECTION   II 

PHANEROGAMIA 

General  Character. — The  Phanerogams  follow  the  Pteridophytes 
without  any  sharply -defined  barrier,  representing  phylogenetically 
more  highly-developed  plant  forms.  Their  more  advanced  develop- 
ment is  limited  to  the  sporophyte,  or  asexual  generation,  which,  while 
still  retaining  a  distinct  segmentation  into  root  and  shoot,  exhibits 
more  extensive  differentiation  and  a  greater  variety  of  form,  especially 
in  the  formation  and  disposition  of  the  sporophylls,  than  in  the 
I'teridophytes.  On  the  other  hand,  this  has  been  accompanied  by  a 
reduction  of  the  sexual  generation,  resulting  in  the  complete  loss  of  its 
separate  individuality.  The  sexual  plant  has  been  reduced  to  a  few 
cells,  which  are  dependent  upon  the  sporophyte  for  their  existence. 
Their  recognition  as  the  degenerate  remnant  of  a  once  independent 
generation  was  the  result  of  a  comparative  investigation  of  their  mode 
of  development. 

The  Spore-forming  Generation. — The  vegetative  segmentation  of 
the  Phanerogams  has  been  already  sufficiently  described  in  the  section 
on  General  Morphology.  Attention  will  only  be  given  here  to  the 
organs  functioning  in  the  service  of  reproduction  and  dissemination  of 
the  spores,  as  they  alone  are  specially  characteristic  of  the  Phanerogams 
as  a  distinct  class. 

The  I'hanerogams  are  all,  without  exception,  HETEUOSPOROUS.  As 
in  the  Selngimllaceae,  macrospores  and  microspores  are  always  pro- 
duced by  different  sporophylls,  which,  for  the  most  part,  are  borne 
on  the  same  shoot,  although  sometimes  they  arise  on  separate  axes  or 
even  on  distinct  male  or  female  plants.  The  spores  are  also  formed  in 
sporangia,  which,  just  as  in  the  Pteridophytes,  represent  organs  sui 
(fcueru. 

The  male  sporophylls  of  the  Phanerogams  are  known  as  STAMENS ; 
the  female  sporophylls  as  carpels.  Notwithstanding  their  different 
designation,  the  staminal  and  carpellary  leaves  are  in  every  respect 
homologous  with  the  sporophylls  of  the  Pteridophytes,  and  are  to  be 


regarded  pliylogenetically  as  metamorphosed  foliage-leaves,  although 
in  most  cases  they  in  no  wise  resemble  them,  and,  like  the  sporophylli 
(if  the  Equiselacau:  and  most  of  the  Lycopudiaceai;  they  serve  merely  to 
produce  and   bear  the  spores.     StaMINal  AND  CAJtrKLi-ARV  LEAVES 

SPIUNG  FROM  THE  SUMMIT  OF  AN  AXIS,  THR  Ft-HTHER  GROWTH  OF 
WHICH,  KXCRPT  IN  THE    FK^fALK   FLOWERS    OF    CYCAS,  IS    TliRMlNATKD 

BY  THEIR  PRODUCTION ;  they  are  closely  aggregated,  usually  in  whorl^ 
but  less  frequently  they  assume  a  spiral  arrangement. 

In  the  majority  of  cases  the  reproductive  axis  gives  rise  im- 
mediately beloiv  t.he  stamens  and  carpels  to  other  special  leaves,  which, 
although  themselves  sterile, 
are  functionally  connecte'l 
with  the  sporophylls,  and 
similarly  exhibit  an  essential 
<li^imilanty  to  foliage-leaves. 
Like  the  sporophylla,  which 
lit  times  become  modified  into 
similar  sterile  leaves,  these 
leaves  almost  always  spring 
from  the  axis  in  whorls,  and  in 
other  respeets  they  show  a. 
closer  relation  to  the  sporo- 
pliylls  than  to  the  foliage- 
leaves.  Collectively  ihey  form 

^"!;,!'Jd^'^i'^"/  '^^«hT-nd™"i'i™^''"'""'-    "-^^  PERIANTH  (Fig.  357,  Ic,  c). 

^uu"   (NuL  BiM.)    '"      "'  ""  """ '""  "'  ^"  The  shoot  or  part  of  ji 

SHOOT  UOUPRISING  THE  FKIU- 

ANTH,  THE  SPOROPHYLLS,  AND  THE  PORTION  OF  THE  AXIS  FROM  WHKtB 

THEV  SPRING,  18  TERMED  A  FLOWEit.  If  the  perianth  is  lacking,  ths 
flower  is  naked.  The  stamens  of  a  flower  are  designated  collectively  the 
.ANDRtEClUM,  the  carpels  constitute  the  GVN»EC'IUM.  M'hen  both  andrcB- 
cium  and  gyniBcium  are  represented  in  the  same  flower,  the  flower  it 
HERMAPHROufTE ;  in  that  case  the  gyncecium  occupies  the  centrt 
of  the  flower.  When  either  the  andrcecium  alone  or  the  gyncecium 
alone  is  present,  the  flower  is  unisexual  or  diclinous.  If  diclinoiu 
flowers  of  both  sexes  occur  on  the  same  plant,  it  is  said  to  ba 
MONffiClous.  If,  however,  a  plant  produces  flowers  of  one  ses:  only  it. 
is  termed  DIOECIOUS)  on  the  other  hand,  if  it  develops  at  the  sum' 
time  both  unisexual  and  hermaphrodite  flowers,  it  is  termed  POLT- 

GAM0U8. 

From  the  constant  occurrence  of  flowers,  it  is  often  customuy  u; 
refer  to  the  Plianerogams  as  the  Flowering  Plants.  It  niUBt  nol^ 
however,  be  concluded  that  this  is  characteristic  of  the  Phanert^xmi 
alone,  for  the  aggregated  sporophylls  of  the  cones  of  the  E<piiaeiaeea«  or 
of  the  spikes  of  the  Li/eopxiiamif  also  exhibit  all  the  essential  ohuaA' 
teristics  of  flowers,  although  in  a  less  advanced  degree  of  development 
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{'•/.  pp.  412,  416).  The  flowers  of  the  Gyinnosperms  in  fact  show  but  a 
small  advance  from  the  flower-conefi  of  the  Pteridophytes,  while  those  of 
the  Angiosperms  differ  from  them  only  in  the  more  pronounced  metamor- 
phosis of  their  various  parts.  A  rose,  or  the  complicated  flower  of  an 
Orchid,  represents  the  more  highly  developed  forms  of  an  ascending 
but  continually  diverging  series,  which  originated  in  the  Pteridophytes. 
The  first  indication  of  a  tendency  to  form  a  flower  is  manifested  by 
some  of  tlie  Fenis,  e.g.  BlechnuTo,  in  wliich  the  fertile  leaves,  separated 
from  the  sterile,  are  united  in  a  rosette  crowning  the  apex  of  the  axis. 
The  microsporangia  of  Phanerogams  are  termed  pollen-sacs  ;  the 
microspores,  poi.I.EN -grains,  or  collectively  pollen.  The  development 
of  the  poUen-sacs  and  pollen-grains  (Fig.  358)  is  effected  in  the  same 
way  as  the  homologous  reproductive  organs  of  the  Pteridophytes.     A 


>1Ihii.iiiic  :  f>M.  jiullMi  mothf r-cellK ;  I,  lajwUI  Uypr,  later  umlviitulnii  di 
Mlnt«  IHtrirUI  bfert  becoming  uUlnuitelf  compmiHed  jidcJ  rtlMjqpinlHerl ; 


cell  layer,  directly  under  the  epidermis 
divided  by  tangential  walls  into  two 
constitutes  the  wall  of  the  sporangium, 
cells.  The  latter,  by  repeated  divisit 
mother-cells,  which  further  divide  ea 
Although  the  pollen-grains  sometimes 
(Fig.  3.'>9,  A),  tliey  are  generally  isolated, 
round  <ir  elongated  bodies,  which 
.160),  but  eventually,  in  consequence  of 
mule  prothatlium,  become  multicellular. 


of  the  s[>orophyllB,  becomes 
layers,  the  outer  of  which 
the  inner  the  spore  mother- 
>n,  give  rise  to  the  pollen 
ch  into  four  pollen -grains. 
remain  united  in  tetrads 
[ind  have  the  appearance  of 
lirst  unicellular  (Fig.  359,  h, 
the  formation  of  a  reduced 


Each  pullen-grain  is  provided  witli  a  delicate  wall,  which  is 
differentiated  into  a  ciiiiciilansed  KXINK,  and  an  INTINB  consisting 
chiefly  of  pectose.  The  surface  of  the  pollen-grain  is  frequently 
studded  with  projecting  points  or  warts,  or  beset  with  delicate  and 
regularly  disposed  outgrowths  (Fig.  359,  B).  In  addition,  thinner 
spots  (Fig.  359,  B)  or  areas  defined  by  a  lid-like  covering  (Fig.  360,  B) 


often  occur  in  the  walls  of  the  polkn-grains,  they  fulfil  an  important 
office  as  (iEEtM-l'ORES  in  facilitating  the  processes  of  fertilisation. 

The  macrosporangia  of  Phanerogams  constitute  the  seed- rudiments, 
and  are  called  ovules.  They  usually  arise  on  the  mai^ins  of  the 
carjMils,  and  are  either  free  or  entirely  enclosed  by  them.  The  first 
case  is  characteristic  of  the  class  of  the  Gymuospernis ;  the  second  of 
the  Angiosperms. 

An  ovule  (Fig.  3G1),  when  ready  for  fertihsation,  is  represented 


by  an  ellipsoidal  body  attached  to  the  carpel,  usUiiUy  by  a  stalk,  the 
FUMCULVS  (/).     The  central  portion  of  the  ovule  is  occupied  by  a 


club-8hape<l  mufis  of  tissue  termed  the  nucellus  {u).  Enveloping  the 
nucellua  are  one  or  two  sheathing  coute,  the  iN'TEGUiiiCNTii  (t),  which 
spring  from  its  basal  portion,  the  so-called  chalaza  (ch).  The  integu- 
ments are  prolonged  beyond  the  nucelhis  as  a  short  neck  traversed  by 
a  canal  known  as  the  MlCROPYLE  (ni). 

Sumetimes  the  axis  of  the  ovules  forms  a  continuous  line  with  the 
funiculus,  the  nucellus  is  then  straight  (Fig.  361,  .4),  and  is  said  to  be 
ATROfous  (orthotropous).  If  the  funiculus  curves  sharply,  immediately 
below  the  ovule,  so  that  both  lie  side  by  side,  the  oviile  is  inverted  or 
ANATROPODS  {B).  In  this,  the  most  frequent  case,  the  funiculus  is  in 
part  adherent  to  the  outer  integument,  and  forma  a  suture  or  kaphk 
on  the  seed  along  the  line  of  contact  (r).  Less  frequently  the  ovule 
is  Campvlotropous  (C),  aud  is  itself  so  curved  that  the  chalaza  and 
microphyle  do  not  lie  in  the  same  straight  line, 

As  a  rule,  only  one  macrospore,  the  so-called  embryo- sac,  is 
formed  in  each  nucellus.     UnliKE  THE  MACRUSPORE  OK  TUB  PTKRIDO- 

PUYTES,  THE  KSUiRYO-SAC  ALWAYS  REUAJNS  ENCLOHKD  IN  THE  MACRO- 
SPORANUIUM,  AND  IS    ORGANICALLY    UNITKD  WITH    IT.       In  a  few  cases 

several  einbryo-sacs  are  prtwluced  in  the  same  nucellus. 

The  Sexual  Genepation— Fertilisation  and  Its  Results, — The 
germinating  pollen-grain  usually  undergoes  but  one  division,  from  which 
results  the  formation  of  two  cells  of  unequal  size.  The  small  cell  cor- 
resjKinds  to  the  antheridium  of  the  Pteridophytea,  and  eventually  gives 
rise  to  two  generative  cells  homologous  to  the  spermatozoa,  and  serving 
the  same  purpose.  They  ARE  devoid  of  cilia  and  non-motile. 
The  lai^er  cell  represents  the  whole  vegetative  portion  of  the  pro- 
thallium  and  undergoes  no  further  division. 

The  jKilien-sacs  by  this  time  have  attained  maturity,  and  dehiscing 
by  Kssures,  less  frequently  by  pores,  liberate  the  pollen,  which  are  then 
dispersed  by  wind,  or  carried  away  by  water,  or  distributed  by  means 
of  insects.  Although  a  greater  part  of  the  pollen  is  lost,  some  of  the 
grains  are  in  this  way  carried  to  the  special  portion  of  the  gyncecium 
adapted  for  their  reception  (p.  2S1).  In  the  Gymnosperms  the  micro- 
pyle  is  the  receptive  portion  ;  in  the  Angiosperms  it  is  the  stigma  or 
certain  areas  of  the  carpels  which  are  specially  adapted,  by  the  excre- 
tion of  a  viscid  fluid,  for  the  reception  of  the  pollen.  In  either  case,  by 
the  protrusion  of  the  intine  of  the  vegetative  cell  through  the  germ- 
pores,  tubular  outgrowths,  the  pollen -xnBEi*,  are  formed  which,  often 
after  traversing  a  considerable  distance,  conduct  the  two  generative  cells 
to  the  egg-cell.  The  Phanerogams  have  accordingly  been  termed  by 
Englbr,  Siphonogaus  (Enihryophyla  Mphonoffamu).  Pollen-grains  wilt 
also  develop  pollon-tubes  in  a  sugary  solution  or  fruit  juice.  The 
direction  tnkcn  by  the  growing  tubes  is  probably  determined,  like 
the  movement  of  the  spermatozoa,  by  chcmotactic  stimuli 

A  FEMALE  PROTHALUUM  with  one  or  more  KtiG-CKLl^  is  produced 
in   the  embryo-sac.       The  process  is  not  the  same  in  Angiosjwrms 


as    in    Gymnosperms.     Fertilisation    is    eflected,    as    tliroughout   I 
whole  vegetable  kingdom,  by  the  fusion  of  the  protoplast  of  a  i 

generative  cell  with  an  egg-cell  (rf.  p.  67). 

The  fertilised  egg-cell  gives  rise  to  the  embryo,  which,  while  s 
enclosed  within  the  embryo-sac,  acquires  a  considerable  s 
differentiation.  After  the  embryo  has  attained  a  detjnite  stage  of 
development,  varying  in  different  B[)ecies,  its  further  growth  ceases,  and 
parting  with  its  constituent  water,  it  passes  into  a  dormant  condition, 
from  which,  after  the  lapse  of  a  longer  or  sliort<^r  perio<l,  it  emerges 
only  when  abundantly  supplied  with  water.  The  other  (utrts  of  the 
ovule  also  increase  in  size,  aft^r  fertilisation  has  been  effected,  and 
undergo  extensive  internal  modtlication.  As  a  result  of  the  changw 
incident  upon  fertilisation,  the  ovule  becomes  converted  into  a  SBto*. 

The    development    of    seeds,     or     enclosed    MACRflSPORANClIA 
CONTAINING     EMBRYOS,    IS     A     DISTIScmVE    CHARACTERISTIC     OF    ' 

Phaneroqams.     In  conformity  with  this  distinction,  they  are  t 
termed  Sked-PLANTS  or  SPERMAPHYTES. 

The  essential  parts  of  the  seed,  which  are  always  present,  are  I 
seed  -  coats  developeil  from  the  integuments  of  the  ovule  and  I 
embryo  (Fig.  362,  B).     In  many  cases  there  also  arises,  from   1 


b  bum  pMfirtM,  ,{,  lan^- 
ooBlBripenKd;  It,  liypocotyl ; 
wnlu'  bundle  at  Oif 
fUiilcle  (X  »)•-  B,  loiiKitudlniil  s<vt[tin  or 
tho  uol-eMt,  «ll«r  trMtnient  •lUi  wiilw ; 
(.  thvmlloncplilarmli:  c.  brown,  ■trongl]' 
tblckened  lnj^nr;  *,  Eompmwd  lnyct  of 
cclla  ;  a,  t\tna<io»  gnitu  ( x  140). 


□IngbiouB  rn<[iMiicnii  (thkdod),  In  wblcb 
HDnucDtylnioniKii    rmbryo    Ue*    embaldadi 
(AOcr  BcRis  ftnil  Scnxiiir,  niAgnlllr>d.) 


chalaza  of  the  fertilised  ovule,  a  fleshy  envelope,  the  seed-maiitle 
AiEiLLUS.  Frequently  a  parenchyma  rich  in  nutritive  material  hi 
formed  between  the  embryo  and  the  seed-coats.  When  this  nutritiva 
tissue,  or  so-called  albumen,  is  derived  from  the  nucelhis,  it  is  t«med 
the  PERispEKM  (Fig.  363,  if) ;  when  developed  within  the  embryo«ie, 
the  ENDusPEiiM  {,-/).  If  the  seed  is  provided  with  neither  eiidusperm 
nor  perisperm  (Fig.  362,  A),  tlio  cells  of  the  embryo  itself  are  filled 
with  accumuUted  reserve  material. 


PHANEROCAMId 


The  influeuce  exerted  by  ferliiisalion  is  not  restricted  solely  to  the 
formation  of  the  seed.  Other  parts  of  the  flower  also  undergo 
modification  and  are  adapted  to  new  functions,  each  as  the  protection 
and  dissemination  of  the  seeds ;  while  those  parts  which,  after  polli- 
nation, are  no  longer  of  service,  ultimat«ly  wither. 

Thk  product  of  the  changes  induced  by  fertilisation  in 
thb  persistent  parts  of  the  flower  is  tkkmed  a  fruit.  the 
formation  of  fruit,  &s  well  as  the  development  of  seeds,  is  an  essential 
chaiitcteristic  of  phanerogamic  plants.  Like  the  flower  from  which  it 
is  produced,  the  fruit  may  also  have  a  more  or  less  complicated 
structure.  In  the  simplest  cases  it  consists  solely  of  the  carpels 
(e.g.  Cruciferae),  which,  with  the  seeds,  alivays  constitute  the  essential 
part  of  the  fruit.  Sometimes  the  flower-axis  performs  an  important 
part  in  the  formation  of  the  flower,  particularly  in  perigynous  and 
epigynous  flowers  (e.ff.  Rose,  Apple).  Less  frequently,  the  leaves  of 
the  perianth  are  transformed  into  part  of  the  fruit,  as  in  Spitiach, 
when  they  form  a  hard,  spinous  envelope  about  the  gyntecium.  The 
andrtecium,  on  the  otiier  band,  always  disappears  after  pollination 
lias  been  accomplished. 

The  oace  [JTcvaloDt  Duatam  of  coD«idering  tbe  rertilised  g^meaium  olonv  u 
llie  fruit  is  productivu  of  great  coofuHian.  According  to  this  view,  only  tlie 
cvDtral  portion  of  an  Apple,  for  exampU,  constitutes  the  frnit;  while  the  larger, 
jH'riphenI  portion,  derived  from  tiie  modifiod  axis,  would  not  be  regnrdud  as 
belonging  lo  it.    The  definition  of  a  fruit  given  above  is  that  adopted  by  Eichler. 

The  seed,  as  a  rule,  falls  to  the  ground,  where,  after  a  longer  or 
shorter  interval,  it  changes  from 
its  dormant  state  into  an  active 
condition  of  life.  This  process 
is  termed  germination.  The 
seed-coats  are  ruptured  and  the 
embryo  develops,  without  other 
interruption  than  that  occasioned 
by  climatic  changes,  into  the 
seed-pro<liicing  plant  (Fig.  .364). 

GeDeral  Classification.  — 
The  Phanerogams  are  divided 
into  the  two  unequally  large 
classes,  Gifmmspenns  and  Antjia- 
sperms.  The  Gymnosperms  are 
the  older  class  and  occupied  a  , 
more  importurit  position  inearlier 
geological  ages  than  at  the  pre- 
sent   time;    they    now    include       m'"'"'""™- 

oidy  a  few  hundred  species.      In  acconlance  with  their  greater  age,  thoy 

exhibit  a  closer  alliance  to  the  Pteridophytes  than  do  the  Angiosiwrms, 
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which  comprise  the  moat  highly  developed  of  all  plants  and,  pre- 
dominating both  in  the  number  of  Bijecies  and  individuals,  have  pro- 
duced the  chief  part  of  all  the  vegetation  since  the  Tertiarj-  Period. 


GYHNOSPERHAE 

The  flowers  of  the  Gymnosperms  are  always  unisexual  and  naked, 
or  in  rare  cases  {Gnelaceae)  provided  with  a  small,  insignificant 
perianth. 

The  male  flowers  consist  most  frequently  of  long  shoot*  with  a 
larger  or  smaller  number  of  spiral  or  whorled  scale-like  staminal  leftveft 
(Fig.  365,  j4,  C),  bearing  on  the  under  side  two  or  more  polli 
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The  pollen-grains  are  generally  spherical,  and,  in  some  genera,  are  pro-  I 
vided  with  two  bladder-like  protrusions  of  the  exine,  which  are  fijl«d  .J 
with  air  and  facilitate  their  dispersal  by  the  wind  {D). 

The  germinating  jmllen-grain  undergoes  division  and  forms  two  or  1 
more  prothallium-cells  invested  with    cellulose  walls.      One  of  these 
cells  assumes  an  antheridial  character  and  divides  into  two  generative  J 
cells,  corresponding  functionally  to  spermatozoa. 


PHANEKOOAMIA 


The  female  flowers  resemble  the  male  in  general  structure.     The 
caipels  are  generally  Bcaie-like,  outspread, 
and  never  united ;  they  bonr  a.  varying 
number  of  ovules,  moat  frequently  two 
(Fig.  366). 

The  embryo  -  sac  encloeed  in  the 
basal  portion  of  the  nucellus  (Fig.  367, 
m)  gives  rise  by  a  process  of  multicellular 
formation,  preceded  by  free  nuclear  divi- 
sion, to  a  parietal  cell-layer,  and  by  the 
increase  of  this  layer  to  a  PEttALE 
PROTHALLIUM,  which  completely  fills  the 
embryo-Rac  (e).  Special  cells  of  the 
protl^lltum,  situated  at  the  apex  of  the 
embryo-sac,  then  become  converted  into 


ARCHEGONIA.      Each  ARCHE- 

GONtuM  consists,  as  in  the 
Pteridophytes,  of  a  ventral 
[lortion  containing  the  egg- 
cell,  of  a  neck,  in  this  case 
composed  of  fewer  cells,  and 
of  n  ventral  canal-cell  (Fig. 
367). 

Fertilisation  is  effected 
in  the  manner  common  to 
all  Plmnerogaraa,  by  the 
enti-ance  into  the  arche- 
gonium  of  a  male  cell  from 
the  jjollen-tubo  and  its  union 
with  the  egg-cell  (Fig.  368, 
B,  C). 

The  nucleus  of  the  em- 
bryo, arising  from  the  fusion 
of    the    male    and    female 
nuclei,  twice  nndergoes  bi- 
partition,  usually  in  the  end 
I  of  the  egg-cell  opposite  the 
-  neck   of    the   archegonium, 
and  thus  four  cells  are  pro- 
duced   lying    in    the    same 
plane  :  these  by  transverse  divisions  give  rise  to  severnl  tiers  of  cells. 


The  four  cells  of  one  of  the  Tippermoat  tiers  elongate  into  fonr  long  ] 
tubes,  and  push   tbe   cells  destined   to   become   the  rudiments  of  as  [ 
embrj'O   deep   into  the   tissue   of  the  prothallium.     From   these,    l>y 
further  division,  either  a  single  embrj'o  arises  or,  by  the  longitudinal 
division  of  the  embryonic  nidiment,  four  embryos  are   formed,  only   ' 
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one  of  which,  however,  attains  ila  full  development.  Eveu  wi 
several  archegonia  are  fertilised,  ns  is  usually  the  case,  the  mature  8 
uuntaiiiB  only  one  embryo,  by  which,  in  the  course  of  its  growth,  t 
nidinients  of  all  the  other  embryos  have  been  supplanted. 

The  EMBRYu  of    the  ripe  seed  is   provided  with  two    or 
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cotyiedong.  The  prothallium,  sometimes  called  the  ENDOSPERM, 
envelops  the  embryo,  ami  serving  during  germination  aa  a  nutritive 
tissue,  contains  a  large  amount  of  reserve  material,  such  as  albuminous 
substances,  starch,  and  fat.  The  periphery  of  the  seed  is  occupied  by 
a  hard  or,  in  its  outer  jjortions,  succulent  sheath,  which  in  some  cases 
is  surrounded  by  a  cupular  fleshy  aril. 

The  FRUIT  resembles  the  female  flower,  but  it  is  mucli  larger.  The 
carpellary  scales  become  woody  after  fertilisation,  rarely  flesliy  and 
juicy. 

The  Gymnosperms  are  all  woody  plants,  witli  secondary  growth  in 
thickness.  Their  leaves  are  either  simple,  and  then  for  the  most  part 
needle  or  scale-like,  or  they  may  be  pinnate. 


Order  1.  Cycadinae 

This  order  includes  the  single  family  Cycadaceae, — Flowers 
dioecious,  WITHOUT  A  PERIANTH,  consisting  of  many  spiral ly-arranged 
leaves  ;  etaminal  leaves  with  many  pollen-sacs  ;  carpellary  leaves  usually 
with  two  ovules.  For  the 
most  part,  unbranched, 
evergreen  woody  plants, 
devoid  of  true  vessels  and 
having  mucilage  ducts  in 
all  organs.  Leaves  Largk 
AND  PINNATE  (Fig.  369). 

Many  Cucmlartat  re- 
semble the  Tree-Ferns  not 
only  in  their  column-like,  i 
unbranched  stem  and  apical 
rosette  of  large,  pinnate 
leaves,  but  also  in  their 
dimensions,  attaining  some. 
times  a  height  of  12  m.: 
in  other  cases  the  stems 
are  shorter,  resembling 
the  Mtiraltiareae  more  iti 
haliit ;  they  are  tuberous 
and  partially  buiied  in  the 
ground.  The  branching  *'^'Iji^™'~r^Tg  7irki'i'iai  ifaf-^iM^r VA(i.'''"'«a '^  ''^t' 
ia  limited  to  the  flowering 

region,  although  sometimes  adventitious  shoots  spring  from  the  stem. 
In  most  species  {r.y.  Cycas)  the  stem  is  invested  with  a  thick  armour 
of  woody  scales,  which  are  in  part  the  basal  portions  of  dead  and 
fallen  foliage-leaves,  and  in  part  scale-leaves  (cataphy Us),  the  develop- 
ment of  which  alternates  periodically  with  that  of  the  foliage-leaves. 

The  flowers  of  the  Cyrmlacrar  are    always   terminal  ;    the  stem. 


except  in  tbe  fonmle  Cyras  p\tiata,  is  prolonged  sympodially  by  a  Uten 
branch,  which  crowds  the  flower  to  one  aide.  The  male  flowers  i 
cone-like,  with  numerous  scale-  or  sliield-shsped  stomiDal  leaves  (Fi^ 
369,  3),  which  bear  an  indefinite  number  of  pollen-sacs  on  their  undw 
side.  Tha  species  of  C'l/cas  produce  a  single,  apical,  female  flower,  of 
which  the  carpeUary  leaves  are  similar  to  the  foliage-leaves,  but  c 
reduced  scale  (Fig.  369,  2).  In  other  menibers  of  this  family  th» 
apex  of  the  stem  terminates  in  several  cone-like  female  flowers  with 
scale-like  leaves.  Two  or  more  ovules,  larger  than  a  cherry,  are  boma 
on  each  carpel.  They  are  atropous,  and  provided  at  the  apex  of  tbe 
nucelluB  with  a  cavity,  the  pollen-chamber,  in  which  the  pollen-grainy 
which  have  been  carried  thither  by  the  wind,  accumulat*  preparatory 
to  fertilisation.  The  seed  (Fig.  3G9,  4)  resembles  a.  drupe  or  Bton»' 
fruit  in  that  the  seed-coats  are  diflerentiated  as  an  outer  fleshy  layer 
and  a  hard  inner  coat.  The  mealy  endosperm  envelops  a  two-leaved 
embryo  attached  to  a  coiled  suspensor. 

The  Cyeadateat  are  all  tropical  or  sub-tropical  plunts,  and  are  foand  in  b 
hemUpliores,  but  with  a  limiti.'d  area  of  distributioo  of  tbe  iadiFidual  speciiw. 
the  present  time   thej  occur  only  in  small  numbers  ;  but  in  earlier  geologictl 
jmriods  up  to  the  CrctaeeouB,  a«  is  proved  by  the  extouive  ocaurrence  of  Ti 
remains,  they  formed  a  considerable  proportion  of  the  vegetation  of  all  lone*. 

Order  2.  Conlferae 

Flowers  NAKED ;  the  male  catkin-like  with  scale-like  stdtniail' 
leaves,  bearing  the  pollen-sacs  on  the  uuder  side;  the  female  ttoweit 
and  the  fruit  of  varying  and  sometimes  complicated  structure.  'NMiM 
is  here  designated,  for  the  sake  of  simplicity,  a  single  female  Sower  i| 
also  spoken  of  aa  an  inflorescence.  Fkeelv  bkanching,  woody  planU 
DESTITUTE  OF  TRUE  VESSELS,  generally  traversed  in  all  parts  by  itssi 
CANALH.     Leaves  simple,  usually  needle-  or  scale-shaped. 

Many  Conifers  are  tall  forest  trees  of  a  pyramidal  shape,  with  tnaJ 
like,  tapering  stems,  from  which  spring  ap^tarent  whorls  of  horiconUl 
and  much-branched  lateral  shoots.  Frequently,  when  growing  thick)y 
crowded  together,  the  lower  branches  fall  off  after  a  time,  so  that  i' 
stem  becomes  naked  for  the  greater  part  of  its  height,  and  bears  only^i 
pyramid-shaped  crown  of  upper  branches.  These  may  become  fin^j' 
tnoro  widely  outspread,  like  the  Mediterranean  Pines  {Pinns  /"into),  or 
spread  out  horizontally,  as  in  the  Brazilian  Araucarias  (^rasoafif 
Irraeiliensis).  Comparatively  few  of  the  arborescent  species  deviate  boMt 
the  pyramidal  form ;  for  example,  the  Cypress  {Cvprfsstis  sempervimiA 
with  its  erect  branches.  Tbe  shrub-like  species,  such  as  the  Jimipnii 
on  the  contrary,  are  frequently  irregularly  branched  and  bushy. 

The  male  flowers  are  either  solitary  or  aggregated  in  clusters ;  thcf 
fall  after  attaining  matiuity  like  the  catkins  of  the  Willow  and  » 
Amenlaceae,  which  they  also  resemble  somewhat  in  structure  witi 


morphologically  being  equivalent  to  them, since  catldns  are  infioresceoces. 
The  Bt&mens,  which  as  a  rule  are  numerous,  are  scale-  or  shield-shaped, 
with  two  or  more,  rarely  many  (as  many  aa  tweply  in  Araucaria), 
pollen-sacs  on  their  under  sides. 

The  wide  variations  in  the  structure  of  the  female  dowers  and  the 
fruit  constitute  the  distinctive  characteristics  of  the  different  families 
into  which  the  order  is  divided. 

Family  PI naceae.— Female  flowers,  in  the  form  of  coNES  ;  the 
ovules  arising  in  scale-like  carpels,  and  ripening  to  seeds  while  still 
enclosed  in  them;  seed-coats  dry,  without  an  aril  (Figs.  370-373). 

The  male  Howers  are  capitate  or  cylindrical,  frequently  united  in 
clusters.     The  female  flowers  consist  generally  of  a  spindle-shaped  axis 


with  numerous,  spirally  arranged,  imbricated  scales.  In  the  Juniper 
and  its  allies  the  flower  ia  composed  of  only  a  few  verticillate  carpels. 
In  many  genera  the  carpels  are  simple  (Junipenis,  Agathis) ;  in  others 
thoy  have  a  scale-like  outgrowth  on  the  upper  side  ;  in  other  cases,  again 
(AhUfijuleae),  two  scales  are  present,  l3nng  one  above  the  other,  the 
uppermost  of  which,  the  fertile  scale,  bears  the  ovules  and  is 
situated  in  the  axil  of  the  other,  the  covkb-scale  (Fig.  366), 
I  According  to  this  di^SL-riptioii,  bath  sciklefl  of  the  Abittaidfae  are  regarded  as 
parts  of  ■  deeply -diridsd  leaf,  reBemhUng  eamewlist  ■  fertile  leaf  of  Ophioglottain. 
In  confomutj  with  this  view,  the  nrigiiul  condition  would  be  represented  by  the 
carpels  of  Agalhis.  The  first  beginning!  of  the  division  is  ri-preeented  by  the  out- 
growths of  the  scales  in  the  case  of  the  Taxodioideae  and  AraucaHos,  and  the  com- 
plete division  is  represented  by  the  two  scales  ol  the  Abietaidtae.  On  the  other 
hand,  it  has  also  been  held  tliat  the  Tertile  scale  is  a  flattened  branch  or  ulodode. 
in  the  axil  ofa  subtending  bract,  both  of wbiob  have  become  fused  together  in  tbe 
TaxedUndtac  and  Araucsriai. 

Two  ovules,  less  frequently  only  one  or  a  larger  number,  s])ring 


I  Two  ovuh 


from  the  basal  portion  of  the  fertile  scale,  on  the  upper  side  ;  bi 
the  Cupressoideae  they  are  axillary,  arising  from  a  cushion-like  swelling 
During  the  modification  of  the  Dower  in  the  formation  of  the  seeia, 
the  scales  in  most  cases  become  lignifie'l,  and  the  fruit,  familiarly  known 
as  a  cone,  ia  thus  produced.  In  some  less  frequent  cases  the  fruit 
reseinbles  a  berry  in  form. 

Sih-Fa-MIlies.  —  (1]  Ciipressoidene,  LcaveH  op]>usite  or  in  n'horls;  orpeb 
aimiile  ;  ovules  axiUnty,  errct.  Jaiiiperui  (Juniper),  Cuprcsms  (Cypress),  7Ki<f<l: 
(Arbor  Vitiw).  [2]  Taaodiaidtae :  Taxodiitm  (AmcricoJi  Cyiircsa),  Stqttoia.  [8] 
Arauairioideat :  ArartaiTia,  Agatkis.  (4)  Abittoidtae.  LeaTes  spirftl ;  carpd*' 
divided  into  corer-  and  fertile  scale  ;  ovules  attached  to  the  fertile  scale,  inverted. 
Abita  (Silver  Firs),  Fteia  (Spruoe  Fira),  Larix  (Larchw),  Finv»  (Pines). 

Kepsesentativi!  SpECiES.'VHni^enM  eamimmis  (Common  Janipn',  Fig.  S70}. 
Shruba  with  needle-shaped  leaves  arranged  in  whorU  of  three,  and  having  a  resinooi 
bloom  ;  female  flowers  oonsiatit 
three  ncalcn,  each  with  an  axiUalj 
ovule  ;  scaleti  of  the  ripe  fruit  t 
lent  and  united,  fomiing  a  berry. 
Abies  alba,  the  Silver  Fir  (Fig.  S7\\. 
Lofty  forest  trees  upwards  of  0C 
in  height,  with  a  silver-grey  bark 
u'lieii  old;  crown  pyramid  -  shapedi . 
with  horizontally  extending, 
gated  branches  ;  leaves  need le -shaped, 
Hnttened  on  the  undor  siile,  wilh  IWft 

bluish -white    longitudinal    lini 

^^O^nm  ^Z^^~~3^j^Bfc     addition   to   the  middle   nerve,   di»- 

piut'ed  on  the  lateral  brauchna  in  t»» 
comb-like  rows  on  each  aide  of  tin 
nxis.     The   flowers  are  nxilUry 
Bppi-nr   in   May   at   the   ti]i«   of   tto' 
Uraniilii's  ;  the  male  flowers  un  uyllB- 
ririeal,  some  20  mm.  long,  and  bei 
tiiitneroUH  npirall;  -  arranged  sfauula 
leaven,  each  having  on  the  ondar  nt 
twii   pollen-sacs  opening  by  a,  \oaf 
tiidiual  slit  (Fig.  371,  a) ;  the  fema 
lluwcrs  are  oblong -oylindrioal,  abol 
6    cm.    long,    and   cousJaC   of   cIomI 
aggregated   cover,   and   fertUa  acal 
arranged  apirally  on  a  Bpindle-ahtp) 
axis.     The  cones  (ft)  are  erect,  tha 
*,»poto.   pointed  covor-Bcalea   are  niucli  u 
^emX   rowerbutlongerthanthefertileM*! 
tventmi    («.  ■*).  "■I'',  in  oonsoquonoe,  they  ■ 
,  if,  iiat.    visible  externally.     At  maturity  d 
scales,  together  with  the  sMda  (c  ^ 
all  to  the  ground.     Piaa  tretlta,  the  Norw 
and apptarance.   Tbeneedlesoie  four-sided, 
iiliona,  but  frequently  bending  to  the  right  al 
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fbfWl :  i,  COM :  c,  cariM).  viewed  I 

(donal  mrfueX  ihowlng  Uie  ftrtile 

Kale ;  d,  the  lanw  viewed  ircmi  above 
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■iie ;  I',  reduced-) 

become  detached  from  the  axis  and 

Spruce,  resembles  the  Silver  Fir  in  si;» 

a  uniform  colour,  atid  point  in  all  dire 


left,  appeu  u  if  arranged  in  comb- like  rows.  Tlie  coues  are  tenuinal  and  pendenl  ; 
at  nwturit^r  tUo  seeds  drop  out  aud  tlie  cones  then  fall  off  entire,  retaining  tbeir 
enalm.  Tbe  cover-scaleti  are  verj  small,  and  not  visible  oxt«ruBlly.  Pinna  lilvet- 
trU,  the  Scotch  Fir,  a  forest  tree  upwards  Qr40  m.  high  witb  a  dome-shaped  crown. 
The  needles  are  borne  iu  pairs  on  greatly  shortened  lateral  a^es,  or  dwarf-shoots 
(spurs),  provided  with  scale-like  loaves.  The  male  flowers  (Fig.  373,  l.n),  externalljr 
like  those  of  Abia,  spring  closely  crowded  togetber  ^m  the  summit  of  nlonf^ted 
shoots  which,  by  continued  growth,  become  prolonged  beyond  them,  producing 
leafy  dwarf-ihoots.     Thr   femnle  flowers  ore  at  first  sjihericitl  nod  of  a  reddish 
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colour  (I,  b).  The  conos  (1,  f)  have  very  small  oovor-soalM,  but  long  wooilj  fertile 
Males,  thickened  at  the  ends  in  rhombic  areas,  the  apophyses.  As  in  Piaa  exetlm, 
the  iHines  tkll  olT  entire,  after  thu  seeds  have  fallen.  Xorii  curopiua,  tbo 
EuropMD  Larch,  is  particaUrly  distingnislicd  by  its  deciduous  leaves,  whicli  are 
borne  in  dusters  on  short  spurs. 

Obooraphical  Distribution. — The  AiHweiKinhabit  chiefly  the  North  Temperate 
Zone,  where  many  species  form  by  themselves  widely  citeDded  forests.  In  countries 
bordering  on  the  Kortbern  Pacific,  jiartioularly  in  Chins,  Japan,  and  California, 
they  exhibit  their  most  varied  development.  With  the  exception  of  the  Australian 
Eutalyplut.  the  giant  trees  of  Califamia,  Sttiuoia  giganUa,  with  stems  over  100  m. 


high  lind  1 


OfrmtLDj  possesses  ouly  s  few  species 
Finui  fiiveslTiii,  Picta  excelta),  ocuQr 
part  of  all  the  vegetation.  The  Sili 
the  Blook  Forest,  but  otherwise  is  rs 
a  sandy  soil.     Finu! 


,  sttain  Uio  greatest  height  uf  luy  treits  in  the  h 


'.  Conifers,  some  of  which, 
abuQdantl;  that  the;  constitute  a  largt 
Fir  forms  large  woods  in  the  Vosges  toA 
The  oommoii  Juniper  ia  also  evBrywbei* 
,  Finut  Cembra  (with  three  or  five 
n  each  spur),  Larix  mropata,  and  Jvuiperva  Sabxia,  are  also  found  ia  Gt 
but  except  P.  montana,  they  oiMiur  only  in  the  Bavarian  Alps. 

Many  Finaaae  are  cultivated  in  Germany  oa  account  of  their  b(>ciuty  or  e> 
value.     Id  additiou  to  the  indigenous  species,  the  fallowing  exsjaplos  may  t 
mentioned :  Pinun  Slrobu;  Weymouth  Pine  (North  America) ;   Thuja  oeeidtn 
American   Arbor   Vitae  ;  Cedrvi  Liiani,   Cedar  of  Lebanon  ;  various   species  jf 
draucaria,  Irom  the  temperate  zone  of  the  aouthero  benuspher 


Poisonous.— /timperK*  Sabina,  t 
and  scale,  not  needle-shaped,  lea 
cultivated  in  gardens  (Fig.  1173]. 

Opfiginal. — AyatkU  lomiUhifatia  (Indian  Archipelago)  snppliei  B 
Junlperv*  comiauni*,   Frlctds  Jl'mferi    and    Ligni^m    JuKiputt;   . 
arvetdma,  OLzru  caoinuu  ;  Junipenn  SaUna,  Hekh.v  ok  Si'Mxii'ArEs  SAaiWd 
Larigeuropaea, TiLitBiSTKiSi.VBSB,TA  ;  Z<ir<znbir>ai[Norlli Russia,  Siberia),  p 
LiqVIDA.     From  ditTerent  sjiecies  of  pinea,  as  P.  tilmalrig,  P.  auttr/ttit,  f>.  XaHa 
P,  Binaaer,  P.  Tatda,  etc.,  and  alBo  liDin  Atita  alba  are  derived  TRaKSiKTHUI 


ComPBONIfH,  Ol,  t 


iiiKAJ!,  Pile  LtQUiDA  ;  from  fjnit*  Puinilio,  Ol,  Pisi 


Family  Taxaoeae.^Formation  of  cones  imperfect ;  the  ovules 
PROJECT  BKYOND  THE  OARPKLS,  or  the  latter  may  be  absent ;  the  ripe 
seed  possesses  an  aril,  and  some- 
time b  aleo  a  succulent  seed- coat 
(Figs.  374,  375). 

TiiJiu  banatn,  the  Yew  (Figh.  371, 
375],  is  AD  evergreen  tree  devoid  or 
min,  somutimea  Attuning  »  height 
of  10  m.  Th«  shoots  are  all  elongnted 
and  buar  lint  nucdlBa,  arranged  right 
and  left,  in  two  ranks.  The  malii 
Hdwcr  is  axillary  and  uonHUta  of  ten 
ahield-shapvd  staminal  leaves  united 
in  a  spherical  head  aurmouDting  the 
apex  of  a,  short  Stalk  beset  witli  scales 
below.  The  Temale  aowor  also  tcrmi- 
natea  tlie  apex  of  a  soaiy,  axillary 
■Ulk.  The  stalk,  however,  in  this 
case  ia  composed  of  a  lower  [lortion 
ending  blindly,  the  primary  shoot, 
and  an  upper  lateral  seoondai^  shootr 
which  terminates  in  a  single  erect 
ovule.  Carpels  are  wanting.  The 
ripe  seed  is  enelosed  in  a  red  cupular 
aril  (Fig.  274). 

OKOUHAFaK-AI.    DlSTUrBUTlON. — 

The  Taxaceae  grow  for  thu  most  part  in  the  southern  hemisphem,  Qinkga  biloba 
(SatUburya  adiant^/otia),  aometimea  found  in  cultivation,  is  indigenous  to  Easteri: 
Asia.  In  appearance  it  reaembles  a  roliugc  tree,  and  is  obaracteriscd  by  its  fan- 
sliaped,  deciduous  leaves,  whioh  are  cleft  dichotonionsly.  The  seeds  are  about  thx 
■iut  of  a  plum  and  have  a  succulent  coat. 

PoiBOSouB.— The  young  shoots  and   the   seeds  of   TWuj  baatata ;    the   red 
enveloping  aril,  however,  ia  barmlvas,  and  often  eaten  by  children. 


a  ut.  line).— PowDAors. 


Order  S.  Onetlneae 

One  family:  Onetaceae. — Flowers  with  periqonb  ;  woody  plants, 
without  reain,  and  with  truk  vessels. 

In  the  presence  of  a  perigone.  which,  however,  is  very  small  and 
insigniticant ;  in  the  indication  of  a  union  of  the  sexes,  in  an  in- 
florescence in  the  case  of  Gnetiim,  in  a  female  flower  of  Welwitifkui  ; 
in  the  possession  of  true  veBaeU  in  the  wood  and  sometimes  of 
reliculately- veined  leaves  {Gnetum),  the  Gnetaceae  show  a  resemblance 
to  the  Dicotyledons,  and  may  accordingly  be  regarded  as  the  moat 
highly  developed  of  all  the  Gymiiosperms. 

The  throe  genera  includi^d  in  tliis  family  differ  con*iderubly  froro  eaob  other. 
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^M                      The  species  Ephedra,  foUDd  in  the  Mediterranein  reRion,  are  Hhrubby  planta  wit^| 
^H                      sleDder  branches  devoid  of  foliage- lea  van.     The  genus  Onttum  (Troi«c*l  Aria  m^ 

^^1                       America)  cumpiiseg  treeo  and  lianes  with  large  reticu lately- veined  iearea.     "A^H 

^^m                          .                  'f;^,                1 

^^^1             X.  ■My'               Jm^^^s."             ■ 

^1        -  jIm^t      Mf'wi'       1 

^B     ^S^  [\'''^i  J 

1     ^^  ^^"' J 

H     ^^   YN  Kf  ■ 

I      \^    (-!;   1 

^T              w 

^1                                .(»•);«,  L«rwlLh  iudllBO'.  futile  «U.Mt(K  a;  r,i„«.lML,  ...„„,,..i....;  .-..i.,.„  „c\  irt. 
^B                                 mill  arcgdcUry  ahoutj  c,  vi^UtiVE  coos  of  the  priuiAry  abwt;  u,  nuJluii^uU  or  ttei  will 

^M                       odI;  species  of  the  third  genus,  Wtlmiltehia  mirabilii  (Soutb-wcBt  \bieu),  «h 
^1                        tbe  most  wonderful  of  all  plants,  hua  a  thick,  abort,  ovoid  stem,  ivMch  givM  riacl 
^M                        only  two  band-shaped  loavea  over  a  metre  loug ;  as  thoy  contiuue  to  grow  at  H 
^M                        base,  tlie  leaves  gradually  die  at  tbe  apex,  and  are  torn  into  aegiuents. 

^^^H                                II 

ANGIOSPERHAE 

The  Angiosperras  constitute  by  tar  the  greatest  part  of  th«  Y(f»* 
tatioR  of  the  earth.     All  grasses,  herbaceous  plants  and  shrubs,  aoi 

L                  ^^ 

wilh  the  exception  of  the  Ferns,  Horse-tails,  and  Club  MosBes,  all  our 
foliage  trees  belong  to  tbJs  class.  Varying  in  size  from  plants  like 
ft'oiffia  arrhiza,  no  larger  tlian  the  bead  of  a  pin,  to  the  Eiimlypliu 
trees  of  Austmlia  with  a  height  of  140-150  m.,  they  exhibit  a  great 
diversity  of  external  form,  greater  than  in  any  other  class  of  the 
vegetable  kingdom. 

The  greatest  variety  of  form  appears,  however,  in  the  stnicture  of 
the  flowers.  It  is  the  flowers  that  distinguish  the  Angiosperma  so 
markedly  from  the  Gynmosperms,  and,  together  with  the  fruit  and 
seeds  to  which  they  give  rise,  they  furnish  the  most  available  means  of 
classification. 

Little  of  general  application  can  be  said  concerning  the  vegetative 
organs  ;  they  will  be  considered  more  in  detail  in  treating  of  the 
separate  sub-claases,  orders,  and  families.  Decided  dilTerttnces  between 
the  external  differentiation  of  ihe  Angiosperms  and  the  Gymnosperms 
are  not  apparent.  As  regards  their  internal  structure,  the  Angiosperms, 
in  contrast  to  the  Pteridophytea  and  almost  all  Gymnoaperme,  possess 
true  vessels,  except  in  the  case  of  certain  Mti^mtiareae,  which  in  their 
secondary  growth  resemble  the  Conifers  (rf.  p.  128). 

The  Flower 

While  the  Oj-mnosperms  have  only  simple,  inconspicuous  flowers, 
in  which  a  perianth  is  either  entirely  absent  or  only  represented  by 
scnle-like  cataphylls,  the  flowers  of  the  Angiosperms  have  a  more  com- 
plicated and  varying  structure,  and  in  most  cases  are  provided  with  a 
well -developed,  coloured  perianth.  This  difterence  in  the  character 
of  the  flowers  of  the  two  classes  is  due,  in  great  measure,  to  the  modi- 
fications which  have  arisen  in  the  flowers  of  the  Angiosperms  during 
their  transition  from  wind-  to  insect-pollination  {<■/.  p.  281).  The 
involuntary  intervention  of  insects  in  transferring  the  pollen  from 
flower  to  flower  disturbed  the  formative  force  of  the  Howering  region, 
and  called  forth  that  wonderful  degree  of  adaptation  displayed  by  the 
flowers  of  so  many  Angiosperms,  rendering  them  the  most  remarkable 
•tructurea  in  the  vegetable  kingdom. 

Although  the  influence  of  the  insect-world  upon  the  formation  of 
the  flowers  is  perceptible  in  the  great  majority  of  Angiosperms,  the 
pollination  of  a  few  of  the  lower  groups  is  still  effected  by  the  wind  ; 
Others  again  have  returned  to  that  condition,  or  have,  although  rarelj-, 
resorted  to  self-pollination.  In  such  cases  the  flowers  are  inconspicu- 
ous and  odourless,  for  both  colour  and  perfume  are  only  of  use  to  plants 
M  a  means  of  enticing  insects.  While  the  possession  of  conspicuous 
or  B wee t-smel ling  flowers  is  a  sure  indication  of  the  Angiospfrmic 
nature  of  a  flower,  it  must  not  be  concluded,  conversely,  that  plants 
with  insigni(ii:ant  flowers  do  not  belong  to  the  Angi'isjwrms. 

Morpholep  of  the  Flower— In  contrast  to  the  Gymnospcrms, 
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the  Anglosperms  have  for  the  most  part  hermaphrodite,  cyclic  floweilH 
provided  with  a  perianth.      The  perianth  generally  consiats  of  nvM 
whorls  of  floral  leaves  unlike  in  appearance,  and  distinguishable  a|fl 
CALYX  and  COROLLA.     The  calyx,  the  outer  wliorl  of   the   perinntn 
(Fig.  357,  k),  functions,  as  a  rule,  as  a  protective  organ   U)    the  inner 
parts  of  the  young  flower  while  still  in  process  of  development.      The 
leaves  of  the  calyx,  or  sepals,  accordingly  appear  early  ;  they  resemble 
foliage-leaves  in  colour  and  structure,  as  it  would  be  of  no  advantage  to 
the  young  flower,  aometimea,  on  the  contrary,  a  detriment,    if  thaja 
were  too  conspicuous.  1 

The  COROLLA  (Fig.  357,  e),  on  the  other  hand,  is  often  brighUj 
coloured,  so  that,  even  fiom  a  distance,  it  is  clearly  distinguished  from 
the  green  foliage.  At  first  concealed  in  the  bud,  either  enclosed  by  the 
calyx  or  of  a  green  colour,  the  corolla  only  attains  its  full  purjxtse  and 
development  when  the  sexual  ot^ns  have  arrived  At  maturity  and  a 
require  the  co-operation  of  insects.  This  condition  is  indicated  by  t" 
opening,  or  AN'TUEsis,  of  the  flower.  The  corolla  functions  not  on] 
by  means  of  its  colour,  but  also  frB<:[Uent]y  by  its  shape  and  positio 
{(■/.  p.  283),  in  the  service  of  pollination.  The  leaves  of  the  i  ~ 
are  termed  petals;  the  mode  of  their  arrangement  in  the 
(^ESTIVATION,  see  p.  37)  is  of  systematic  value, 

While  in  most  flowers  of  Angiospemis  the  perianth    is   doiiblf^" 
consisting  of  a  green  calyx  and  u.  corolla  of  anotber  colour  {httm- 
dilamydeous),  there  are  exceptions  to  this  rule.      Sometime*  the  flowen 
have  only  a  simple  perianth  {moiuKhlaviydrou^),  or  both    whorls  of  ■ 
double  perianth  may  be  similar  (Jumwcldamydeous).     In  such  cases  it.  J 
is  customary  to    speak    of   a    PEKIGOKE,  designating    it    as    calycoid  T 
(sepaioid)  wheu,  as  in  the  Nettle,  it  is  green  or  insignilicant.  corollft- 1 
ceous  (petaJoid)  if  it  is  conspicuous  and  coloiu'ed  like  the  simple  flonl  T 
envelope  of  Cleiimtis  or  the  double  one  of  Colfkieum  or   Crontg.      Th»  | 
separate  leaves  of  the  perigone  are  termed  petals. 

As  an  additional  exception  to  the  usual  structure,  the  less  frequent   ' 
case  may  be  mentioned  in  which,  as  in  Aconituvi,  the  calyx  is  highlT 
coloured  while  the  corolla  is  inconspicuous. 

The  leaves  composing  the  whorls  of  the  perianth  may  be  free  or 
united.  In  the  former  case  the  periantli  is  spoken  of  as  polyphylloiu 
(also  chorisejialous,  choripetalous,  diaiysepalous,  dialy  petal  oils)  ;  in  the 
latter  case  as  gamophyllous  (also  gamosepalous,  gamopetalous,  sym- 
petalous). The  upper  margin  of  a  whorl  of  united  perianth -leaves  ii, 
aa  a  rule,  divided  into  as  many  teeth  or  lobes  as  the  number  of  leaves 
which  enter  into  its  formation. 

The  use  of  the  U-nii  guDopliyUoUB  does  Dot  inipt;  that  the  leaves  wen  orijia- 
atly  separate  and  have  subaeqaentlj  become  cuLerctit  in  the  course  of  theii  ooto- 
genctic  development.  On  the  toatrarj,  the  leaves  forming  Buch  united  perianli- 
whorU  have  aU  arisen  from  one  undivided  wall-like   protuberanoo  of  the  Sotd 
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Flowers  unprovided  with  an  enveloping  perianth  are  termed 
NAKED  (achiamydeotts) ;  such  are  of  rare  occurrence  among  the  Angio- 
Bpcrms  (e,g.  the  Grasses,  and  Piperacciie). 

The  ANDROJClliM  of  moat  Angiosperms  consists  of  filiform, 
Btnminal  leaves,  the  staMKNS,  which  bear  no  resemblance  to  ordinary 
foliage- leaves.  In  each  stamen  there  may  usually  be  distinguished  a 
■lender  stalk-like  portion,  the  FILAMENT,  surmounted  by  an  ANTHKR 
containing  four  pollen-saca.  The  anther  gener- 
ally consists  of  two  swollen  halves  termed  the 
TBSCM,  parallel  to  the  axis  of  the  filament,  atul 
each  containing  two  pollen-sacs  (Fig.  376). 

Each  theca  nsually  dehisces  by  a  longi- 
tudinal slit  so  situated  along  the  partition  walls 
between  the  two  pollen-sacs  that  it  is  common 
to  both  (Fig.  358,  A).  In  less  frequent  cases 
the  dehiscence  of  the  anthers  is  effected  by 
means  of  pores  or  by  openings  with  valves. 
According  to  the  position  of  the  thece,  whether 
on  the  inner  (ventral)  or  outer  (dorsal)  side,  the 
anthers  are  designated  respectively  ISTROBSK  or     '"i|naporti^riurviiwor»«iJil 

EXTRimSE,  i.ien  d  tfrw^anu  <xi^r: 

The  part  of  the  anther  uniting  ita  two  /.  the  aiwi™t:p....iii.r: 
thccie  ts   termed   the  CONNECTIVE.     It  usually 

consists  merely  of  a  thin  plate  of  tissue  (Fig.  37(i,  C);  sometimes, 
however,  it  is  more  distinctively  developed,  as  in  Saltm  (see  Fig.  219), 
where  it  is  rod-shaped,  projecting  obliquely  from  the  apex  of  the 
filament,  or  as  in  the  Violet  and  some  of  the  Ericaceat,  in  which  it 
forms  horn-like  spurs. 

The  pollen-grains  are  variously  shaped,  dry  and  smooth  where 
pollination  is  effected  by  tlie  wind,  but  more  or  less  sticky  or  spinous 
when  adapted  for  entomophilous  pollination.  In  some  cases  they 
cohere  in  tetrads  or  in  larger  groups  (Fig.  359). 

Tlie  stamens,  although  generally  quite  free  from  each  otlier,  are 
sometimes  coherent  into  several  bundles,  as  in  Bjiperkvnt;  or,  as  in 
OTwnii,  into  a  tube,  or  into  a  column,  as  in  the  case  of  f'wuThiUi.  The 
cohesion  may  extend  throiighout  their  whole  length  {e.;/.  Ciicurhita),  or 
it  may  be  restricted  to  the  filaments  (e.;;.  Malc>Kau:). 

By  the  branching  of  the  stamens  an  appearance  is  produced 
similar  to  that  resulting  from  their  fusion.  It  is  often  only  pofisiblo  to 
determine  which  may  be  the  case  by  a  comparative  study  of  their 
mode  of  development  in  allied  forme.  Sometimes  the  branched  char- 
acter of  the  stamens  is  indicated  by  the  fact  that  the  anthers 
oach  contain  only  one  theca,  and  appear  to  be  halved.  Undoubted 
examples  of  branching  are  afforded,  for  instance,  by  the  ttowors  of 
Jlicinut,  with  tree-like,  branching  stamens,  or  by  those  of  the  MuhHtfoitt 
in  which  the  stamens  are  coherent  below  and  branched  above  (Fig.  377). 


The  ao'lroecium  springs   directly  from  the   Horal    axis,   or  it  I 
[Ldnate  to  other  porttous  of  the  tliiner,  in  particular  to  the  perianth. 

Oroat  weiglit  iths  fomierly  attached  by  aystuiuatists  to  the  moili;  of  ! 
the  andiwciuiii.  It  nits  then  cuxtouiuy  to  distinguiitli  Thalamijiorat,  CiiraB 
fiarac,  at  CatyeiJtaToe,  aiiconliiig  ka  tbe  t 
were  inserted  on  tlie  receptacle,  tbe  con>U«,  I 
the  falyx.  Calydjtirrae.  u  a  matter  of  (iKt,  4 
not  oocur,  as  in  auch  usses  tbe  supposed  MlinV 
in  re&liCy  the  ex|ianded  'AattX  axis. 

Tlie  term  stamin^des   is   applied  l 
sterile  members  of  the  nndrceciiim    ' 
produce  no  pollen,  and  are  either  vbortivl 
and  functionleas  {e-fj.  Ltniim)    or 
loid  in  appearance,  and   serve   : 
of  attraction   (e.g.   Ziiigiheraf^itc).       Phyli>- 
**  genetically    they  are    to    be    r^rirded   m 
!  derived  from  normal  stamens. 
'  The    (JYNtEciUM    is    always     the    lei- 

minal  structure  of  the  flower,  occupying 
It  is  either  composed  of  separalf 
members,  apocarpous  (Fig,  378,  J),  or  tbe  members  are  uniiod, 
8YNCARP0118  (if,  D).  In  the  first  case  the  margins  of  each  carprl 
are  ho  joined  together  that  each  forms  a  distinct  ovary  or  cIomiJ 
cavity    containing    the    ovules.     The    carpels  of    n    syncarpous    gni- 


?\B.  sn.—AUhata  nUdiuUit,  flow 
cut  thttntgh  IdiigLtudlnallr ; 
cpicalyi;  b.  wlys;  t,  corolU; 


the   apex   of   the   ftoi-al 


CBcium,  on  the  other  hand,  are  coherent  and  form  collectively  a  »ii^ 
ovary,  which  may  be  either  plurilocular  when  the  coherent  muxW 
of  the  carpels  extend  to  the  axis,  or  unilocular  if  the  carpels  eoliei* 
simjily  by  their  edges,  and  do  not  turn  inward,  or  only  slightly. 

The  double  walls  or  dissepimknts  of  a  plurilocular  ovarj-,  fomid 
by  the  inwardly  projecting  margins  of  the  coherent   carpoU,  a»  ite- 


tinguiahed  as  true,  in  contrast  to  the  false  DISSEPIMENTS  which,  in 
rare  cases  (e.g.  Lalimtiie),  are  produced  by  ingrowths  from  the  internal 
surface  of  the  carpels. 

Tiie  ovary  is  proloii|^ed  upwards  ns  a  neck-like  style,  expanded  at 
the  apex  into  a  stigma,  wliich  may  be  of  various  shapes.  The  whole 
organ,  consisting  of  ovary,  style,  and  stigma,  is  termed  the  PISTIL. 

A  completely  syncarpous  gyncecium  possesses  but  one  ovary  and 
one  stigma  (Fig.  378,  C).  The  cohesion  of  the  carpels  may,  however, 
be  restricted  to  the  basal  portions  in  such  a  way  that  the  ovary  bears 
as  many  separate  styles,  or  a  style  as  many  stigmas,  as  the  number  of 
carpels  united  in  the  ovary  (ft,  D).  The  reverse  case,  in  which  only 
the  upper  portions  of  the  carpels  cohere,  and  not  the  lower,  occurs  only 
in  the  Apocipuiceat  and  j4selepiadaceue. 

The  style  exhibits  great  variation  in  length  and  tbicliness.  It  is, 
for  example,  long  and  filiform  in  Crocus,  short  and  thick  in  Tidipa,     It 


is  either  traversed  by  an  axial  canal  or  filled  with  a  loose  parenchyma. 
The  stigma  may  be  disc-shaped,  ellipsoidal,  capitate,  bifui-cate,  or  more 
rarely,  as  in  Iris,  corollaceous.  Its  surface  is  generally  velvet-like, 
covered  with  papillEe,  and  is  moist  and  sticky. 

The  ovules  are  always  enclosed  in  the  cavity  of  the  ovary.  They 
are  developed,  as  a  rule,  from  the  margin  of  the  carpels,  and  are  there- 
fore in  undocular  ovaries  parietal  (Fig.  3T9,  A);  in  plurilocular,  axile 
or  axillary  {B). 

Sometimes  a  departure  from  this  mode  of  development  of  the 
ovules  is  exhibited,  and  the  placentation  instead  of  being  marginal  is 
su|)erlicial ;  the  ovules  are  distributed,  as  in  liuloiniui,  over  the  whole 
inner  surface  of  the  carpels.  In  other  cases,  again,  the  placentation  is 
free-central  and  the  ovules  appear  to  be  produced  from  the  floral  axis 
itself,  as  in  the  orders  Centioepermat,  so  called  on  account  of  this 
peculiarity,  and  in  Primulinnf-  (Fig.  379,  C).  In  the  last  case,  the 
anomalous  position  of  the  ovules  is  attributed  to  the  disappearance  of 
the  disBepiments,  or  to  their  coalescence  and  displacemeut. 


The  position  assumed  by  the  ovules  themselves  in  the  cavity  o 
ovary  may  be  EBKCT  {r,g.  Polygonum,  Fig.  388),  HANGING  (e.ff.  //m) 

feine.   Fig.    380),  i>r  HORIZONTAL  (e-g.   Delphinmrn,    Fig-    381). 


5.  MO.— OUT)'  of  focili-uluvi  "JBriBO/r 
In  IwiKitudinml  necttgn.  (Aller  Biro 
■uil  BcBuiDT.  iniguinnl.) 


raphe  is  ventral  when  it  is  turned  towards  the  placenta,    DOBf 
when  turned  away  from  it. 

The  FLOWER-AXIS  (RECEPTACLE,  TOHUs)  ia  usually  thicker  than  tl 
flower-atalk,  of  which  it  occupies  the  apex.     It  frequently  expands  1) 
intercalary  growth  between  the  androecium  and  gyncecium, 
disc,  cupuliir,  or  urn-shaped  body,  which  ofiects  essentially  the  a 
appearance  of  the  flower.      In  the  simplest  cases  the  tlower-axia  |j 
club-shaped,  and  the  floral  whorls  succeed  each  other  in  tiers, 
flowers  are  said  to  be  inferior  or  HYl-oGYNOUs  ;  their  ovaries,  SUPEI 
(Fig.  382).      When  the  axis  is  develo[wd  as  a  concave  receptacle^  • 


Fio.  382.—  HjlKiKI"™ 


that  the  gynoeciura  is  inserted  at  the  same  height  as  the  andraodai 
or  lower,  but  free  and  not  coalescing  with  the  axis,  iho  flower  i 
PERlGYNurs,  the  ovary  HALF-INFerior  (Fig.  383,  2);  but  if  the  ov« 
is  adherent  to  the  axis,  it  is  descrilied  as  infkrh.iR;  the  flower  ( 
superior  or  epkjynous  (Fig.  383,  3).  Only  the  internal  portion  of  m 
inferior  ovary  formed  by  the  carpels  is  accordingly  homologous,  witfatj 
superior  or  half-inferior  ovary.     Transitional  forms    between    tlm 
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different  modes  of  ineertion  of  the  ovary  fref|neiitly  occur;  thus  a 
flower  may  be  slightly  perigynoua  (many  Leguminosae)  or  imjierfeotly 
ejiigynous. 

The  flower-axiB  can,  in  addition,  by  the  formation  of  outgrowths  of 


Irut  MaiMt,  flplgynoun. 


different  natures,  essentially  modify  the  structure  of  the  flower.     These 

accessory    structures    are    sometimes    large    and    corollaceoiia,    as    in 

Pamftora  (Fig.  489),  but  they  are  usually  inconspicuous  and  confined  to 

the  DISC.     The  latter  constitutes  either  a  continuous  ring  or  a  circle  of 

glands  or  scales,  occupying  generally  a  position 

between  the  androBciuni  and  gyncecium  (Fig.  384). 

The  disc  usually  secretes  a  sweetish  fluid,  and  is 

then   termed  a   NECTARY,  in  consequence  of  its 

biological   function.     Other  jiarte  of  the  flower, 

the    [Ktuls    for    instance,    may   be    developed    as 

nectaries  {Acmtiium,  Fig.  462). 

Arrangement  and  Number  of  the  Floral 
Leaves.  —  In  some  Angioaperms,  as  in  moat 
Gymnosperms,  the  floral  leaves  are  all  or  in  part 
arranged  spirally.  Flowers  in  which  the  spiral 
arrangement  of  the  leaves  prevails,  as,  for  ex- 
ample, is  generally  the  cose  in  the  llanunrulatetu, 
are  termed  ACYCLIC. 

In  a  large  majority  of  Angiosperms  the  flowers 
are  CYCLIC,  and  have  their  leaves  arranged  in  whorls.  Most  frequently 
five  successive  whorls  are  present,  alternating  regularly  with  each  other. 
Of  these,  two  belong  to  the  perianth,  two  to  the  androecium,  and  one 
to  the  gyncecium.     Flowers  constructed  after  this  type  are  described 

OB  PKNTACYCLIC  (Fig.  3«5). 

The  number  of  parts  in  a  whorl  is  usually  the  same  in  the 
perianth  and  andrmcium  —  in  Monocotyledons  generally  three,  in 
Dicotyledons  five.  This  uniformity  in  the  number  of  members  in  the 
whorla  may  also  extend  to  the  gyncecium;  but,  aa  a  rule,  particularly 


r,  gyiiiKtuin.  (Allat 
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ill  Dicotyledons,  llie  number  of  carpels  is  Bmaller.  The  number  < 
members  in  the  whorls  of  the  periiinth,  anUrcecium,  and  gynoecium  | 
indicated  by  the  terms  di,  tii  tetra,  pentamerous,  etc. 

A    TYPICAL    ANGIOSPKRMOUS    FLUWKR     IS    CONSTRUCTED     OF     FIV1 
ALTKRNATrNG    ISOMKltOUS    WHORLS,    OP    WHICH    TWO    BKLONG    TO    THl" 
PERIANTH,    TWO    TO    THE    ANDRffiCIUU,     AND    0\H 

•  TO  THE   IJYMECIUM.      Flowers  Varying    from   thia 

type  have  either  continued  in  nn  undeveloped, 
stage,  as  those  of  the  unientaceous  platits,  or,  lik 
the  acyclic  flowers,  they  belong  to  a  family  whid 
has  been  separated  from  the  main  line  of  descent 
,  or  tliey  have  been  auhaeiiiiently  modititid  from  t 
normiii  type  in  the  course  of  phylogeuetic  evolv 
tion,  like  the  Dowers  of  the  Orcitidaeeae. 
LiibwUtir. 
'  Only  such  variations  from  typical  Angiospen 
flowers  are  mentioned  in  this  general  summary  I 
may  have  arisen  by  subsequent  modification.  T 
avoid  repetition  the  other  special  cases  wiii  be  considered  later  iti  tbit 
detailed  description  of  the  single  flowers. 

A  simple  and  not  infrequent  variation  from  the  normal  strncliin 
is  presented  in  Howers  in  which  the  stamens  of  the  outer  whorl  a 
opposite  the  petals,  and  those  of  the  inner  wliorl  opjiosite  the  aejiall 
An  androecium  of  this  character  is  termed  0BDIP1j3STKM0N0T!s,  M 
distinct  from  the  typical  diplostemonous  arrangement  of  the  stamen^ 
Another  of  tlie  more  common  variations  from  the  original  type  t 
due  to  tlie  MULTIPLICATION  OKTHK  WHORtJ^  (pleiotaxy),  often  o<»;urriil| 
in  the  andrcecium  (Hose),  less  frequently  in  the  perianth  (lierlifris),  v«i] 
rarely  in  the  gyntecium  (Piiniea  Graiiatnm). 

A  variation  of  even  more  frequent  occurrence  results    from   tha 

DIMINLTION  OF  THE    NUUBEH    OF    WHORLS    (ollgotaxy).        This  18  oft« 

shown  in  unisexual  Howers,  although  by  no  means  in  all  casej,  « 
the  missing  organs  may  be  represented  by  reduced  and  functioi 
less  jiarts,  as  in  the  similar  case  of  the  mammary  glands  of  i 
mammals.  Thus  in  the  female  flowers  the  place  of  the  atanien 
is  not  uncommonly  occupied  by  sterile  staminiKlia.  In  tiermaplirudiu 
flowers  also  a  reduction  of  the  number  of  whorls  is  often  shown.  Th 
occurrence  of  flowers  with  a  simple  perianth  has  already  been  mentioned 
flowers  with  a  simple  andrcecium  are  still  commoner. 

Such  examples  cannot,  in  all  cases,  be  attributed  to  a  reductia 
from  the  normal  pentaeyclic  type.  On  the  contrary,  they  ofta 
represent  a  primitive,  more  simple  type  (f.y.  the  flowers  of  the  NetUi 
and  its  allies).  The  absence  of  a  whorl  may  only  be  referred  to  iu 
suppression,  when  such  a  conclusion  is  corroborated  by  other  evidence^ 
such  as,  for  example,  may  be  derived  from  a  comparison  of  allied 
forms,  as  in  the  case  of  the  Orchidaceae,  in  which  the   andrtecium  it 
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represented  sometimes  by  an  outer,  Bometimea  hj  an  inner  whorl, 
wliile  the  perianth  and  gyna'cium  at  the  eame  time  exhibit  the  highest 
stage  of  development. 

Flowers  in  which  the  andrcecium  is  formed  by  a  single  complete 
whorl  are  said  to  be  haplostemonouh. 

In  addition  to  the  number  of  the  whorle,  the  number  of  the 
members  composicg  the  single  whorts  is  subject  to  variation,  and  is 
due  similarly,  in  many  if  not  in  all  cases,  to  their  subsequent  diminu- 
tion  by  reduction  or  to  their  multiplication  by  splitting. 

A  decrease  in  the  number  of  the  floral  leaves  of  a  single  whorl  (oli- 
gomerj)  is  most  frequently  met  with  in  the  gyncecium,  which,  in  flowers 
with  a  pentamerous  perianth  and  andrcecium,  bos  usually  but  three  or 
even  two  carpels.  Next  to  the  gynoscium  a  suppression  of  one  or  more 
members  of  a  whnrl  Js  most  frequent  in  the  andrcecium,  while  the 
perianth  rarely  conaiata  of  incomplete  whorls  (Z'lrfyja/a).  Multiplication  of 
the  members  of  a  whorl  (pleiomery)  occurs  most  often  in  the  andrtecium, 
less  frequently  in  the  gynoscium  (Malm),  still  leas  frequently  in  the  peri- 
anth {Z>r;/iw  octcjxlalii).  Flowers  with  incomplete  whorls,  i-eeulting  un- 
questionably from  suppression,  are  met  with,  for  example,  in  the  family 
Scrophuiariaceof,  in  which  the  genus  I'erbascwm  possesses  five  fertile 
stamens,  while  in  Scn^hitinria  the  posterior  stamen  is  represented 
only  by  a  sbaminodium,  and  in  most  of  the  other  genera  it  is  altogether 
alisent.  The  origin  of  a  pleiomerous  whorl  from  one  consisting  of 
fewer  members  is  equally  well  shown  in  the  flowers  of  Tititi,  where  the 
numerous  stamens  are  arranged  in  five  groups,  which  occupy  a  corre- 
sponding position  to  the  five  simple  stamens  of  allied  forms. 

The  Symmetry  of  the  Flower. — The  flowers  of  Angiosperms  are 
sometimes  actikomorphic  (radial),  sometimes  Zygomorphic  (mono- 
SYMMKTRiCAL),  or,  morc  rarely,  asymmetrical. 

Radial  flowers  exhibit  probably  the  more  primitive  structure,  since 
in  them  the  arrangement  of  the  members  varies  leas  from  that  of  the 
vegetative  region.  The  derivative  origin  of  zygomorphic  flowers  is 
apparent  in  their  more  complicated  structure,  metamorphosis,  and  reduc- 
tion, Zygomorphism  is  always  indicative  of  a  higli  degree  of  adapta- 
tion to  insect- pollination. 

A  flower  is  ixjngitiiiiinally  zygomorphic  when  the  plane  of  sym- 
metry coincides  with  the  median  plane  of  the  flower,  viz,  the  plane 
pmsing  through  its  axis  and  the  axis  of  the  main  stem  {e.g.  Orckidaeeat, 
Lniiiatiu) ;  OBLIQURLY  ZYOOMOKPIIIC  when  it  cuts  the  median  plane  at 
an  acute  angle  (A(i»cMlus) ;  TRANSVER-SELY  ZYGOMORPHIC  when  it  cuta 
the  median  plane  at  right  angles  {Fumariacftu).  The  first  is  by  far 
the  commonest.  Occasionally  a  plant  which  otherwise  possesses  only 
zygomorphic  flowers  produces  others  of  a  radial  structure,  Such  ex- 
ceptional radial  flowers  are  termed  pei.oria,  and  are  regarded  as 
the  result  of  reversion  to  the  primitive  type. 

Floral  Diagrams  and  Formulte. — Tlie  number  and  arrangement 
2  I  2 
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of  the  fioral  leaves  are  most  clearly  represented  by  means  of  diagrams  I 
or  fonniilte.  The  manner  in  which  sucli  diagrainB  may  be  cotistnicted  I 
has  previously  been  explained  (p.  39).  In  a  tloriLl  rormula  th»l 
single  whorls  are  indicated  by  letters,  the  number  of  their  memliers  hf  I 
corresponding  fignres,  or,  when  their  nnmber  is  large  or  indefiiiitfl^'  I 
by  w  .  The  luiion  of  [larts  la  expressed  by  (  ),  superior  and  inferior  | 
ovaries  by  a  line  above  or  below  the  corresponding  figure,  zygomorpliij 
byf. 

Of  the  letters  employed  in  such  formulse,  K  =  calyx,  C  =  coroll^'  I 
P  -  perigone,  A  =  andrcecium,  G  =  gyncecium.  The  following  are  ex-  -I 
am  pies  of  floral  furmulie. 

Lily    ....  P3  +  3,  A3  +  3,  G(3). 

Buttercup      .     .  K  5,  C  5,  A  a; ,  G  co  . 

Apple  Blossom   .  K  5,  C  5,  A  oc  ,  G  (5). 

Iligitalis    .      .     .  f  K  5,  C  5,  A  4,  G  (2). 


Feitlllsatlon  and  Its  Results 

The  Sexual  Generation. — The  male  prothallium  of  the  Aiigio- 
sperms,  like  that  of  the  Gymnoaperm.s,  consists  of  a  small  antheridial^ 
and  a  large  vegetative  cell,  not  separated,  however,  by  a  partition  wall' 
(Fig.  386).  The  aiithoridial  cell  divides  ultimately  into  two  naked 
generative  cells. 

The  ovule  contains  one  embryo-sac,  very  rarely  more.  Within  Uw 
embryo-sac  only  six  cells  are  produced,  and  not, 
in  the  Gymiiosperms,  an  enclosed  tissue  consiBt- 
ing  of  inimerous  cells.  These  six  cells,  which 
remain  naked  until  fertilisation  taJces  place, 
arninge  themselves  in  two  groups  at  the  pol< 
of  the  embry&sac,  each  group  consisting  of  lhre« 
cells. 

The  group  of  three  cells  at  the  micropylar  end< 

of  the  embryo-sac  constitutes  the  KGG-APPARATm' 

'   (Fig.    387).     It  comprises   the  EtiG-CEU.  and    two 

^n"Jft^  ^mIZ  SVNERgid^     so     designated     because,      although 

lubi   ui  uitusridiij  remaining  sterile,  they  are  apparently  of  assistAnoa 

ofHo-T"*""  ""■   ""  *''®  fertilisation  of  the  egg-cell.      The   cells  a 

the  other  pole  of  the  embryo-sac  fullil  no  appatM 

function.     They  are  termed  ANTIPODAL  CBLLS. 

Egg-apparatua  aod  antipodal  cells  are  together  regarded,  prolialil^  comictlj, 
a  veiyreduoed  in^thallium,  liomologoiiH  witli  the  undoubted  pruthalHum  devclu 
in  tbe  embryo-sac  or Gyoinogpenns.  In  support  of  this  view,  however,  thor*  Ui 
;et  nn  phylogenetic  ovidence.  Tlie  development  ot  tli«  cells  lakca  pl«ce  Homawh 
as  rnltowi. 
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Ths  nualeuB  of  the  emtirjn-sae  divides  into  two.  Of  tbew,  one  movi^  towards 
tlie  upper  miciopylar  iwle,  the  otlier  towards  the  lower  ot  chalazkl  pole.  Each 
nucleus  then  gives  rise  by  rcpvated  diTJsiuii  to  four  auclej,  around  three  of  which 
protoplBom  becomes  aggregated,  while  t!ie  remaining  two  ouolei,  withdnwing 
towardi  the  uentre  of  the  embrfo-sac,  meet  and  tiiav  into  the  defiuitivv  or  gecondary 
nuiileua  of  the  enibrya-sac. 

The  three  naked  cells  at  the  micropjlar  end  develop  into  the  egg- apparatus, 
tile  three  at  the  chabual  end  into  the  antipodal  ceiln. 

FertlHsatlon. — From  the  pollea-graiDs  coaveyed  to  the  stigma  by 
the  wind  or  by  meana   of  ineects,  pollen-tubes  are  developed  which 
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penetrat«  the  canal  or  loose  parenchyma  of  the  style  (Fig.  'iSH).  The 
tubes  increase  in  length  until  one  cornea  in  contact  with  the  synergid«e 
(Fig.  389).  One  of  tho  generative  cells  in  then  tranBfetTed  through 
the  aynergidte  into  tlie  egg-cell,  whereupon  fertilination  is  efTectetl,  as 
in  nil  cases,  hy  the  fusion  of  the  two  cells.  After  fertilisation  has 
taken  place,  the  synergidie  undergo  dissolution,  apparently  being 
abaorbed  by  the  fertilised  egg.     The  egg  itself  becomes  invested  with 


a  cell-wall,   and  ultimately  elongates   into   a  tube,   the   proembryo, 
which  divides  transversely  into  one  or  more  cells. 

Development  and  Structure  of  the  Seed 

The  embryo  is  developed,   for  the   most  part,  from  the  lowert 
cell  of  the  proembryo  derived  from  the  fertilised  egg  (Fig.  390).     It 


is  represented  at  first  by  a  multicellular  sphere  terminating  the  filiform 
SUSPESSOH,  and  becomes  differentiated,  genenilly  before  the  seed  is 
ripe,  into  a  radicle,  hypocotyl,  and  one  or  two  cotyledons.      There  arr 
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cases,  however,  where  the  embryo  retains  in  the  ripe  seed  the  form 
of  an  11  ndiiTeren tinted  sphere  {eg.  Orobranche,  Orehidacme). 

The  number  of  cotyledons  developed  is,  as  a  rule,  constant  and 
furnishes  the  most  characteristic,  although  by  no  means  the  only  method 
of  distin^ishing  the  two  divisions  of  the  Angiosperms,  which  are 
accordingly  termed  Monocotyledons  and  Dicotyledons. 

Till!  etiihryo  shows  ho  miicli  rariaCion,  not  only  in  both  dirisbna  of  the  Aligio- 
Bpcnns,  !mt  within  the  liifferent  funilicB,  that  uo  general  scheme  of  embryonic 
developmBDt  can  be  given.  In  many  Dicotyledons,  Tor  eiample  in  Cap»tlta  iuna 
puitarii  (Pig.  SSO),  where  the  development  of  the  embryo  is  particularly  easy  to 
rollow,  the  end  of  the  proembrjo  farthest  removed  from  the  niaropyle  is  converted 
into  a  row  of  ceiU  by  the  farniation  of  transverse  walls.     The  terminal  cell  expands 
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e,  and,  undergoing div 
cell  ia  further  divided  by  periclinal  walls  into  an 
outer  and  an  inner  cell.  The  outer  cells  form  the 
epidermis ;  the  inner,  by  continued  division,  give 
rise  to  the  fundamental  tissue  and  the  raseular 
bundles.  The  upper  halfof  theiipbere  develops  into 
tiie  cotyledons  and  plumule,  the  lower  half  into  the 
hjiKWotjl  and  root  The  root  is  derived  in  pari 
also  from  the  Byi'(iPHy(<ls,  a  cell  resulting  from  the 
trnnsvorae  division  of  the  next  adjoining  cell  of  the 
luspeii^or. 

The  cotyledons  first  siiiiear  as  jirotnberauces 
from  the  npper  half  of  the  sphere.  The  plumule 
does  not  become  dilTereutiated  until  later. 

Ill  MonoeotyiedonH  the  single  cotyledon  is 
usually  developed  at  the  aiiex  of  tiie  embryo  (Fig. 
391);  but  in  some  cases  {Dioneortaaat)  it  arises 
laterally,  as  in  the  Dicotyledons. 

AuvENTiTioi's  EMBHTOH  are  Sometimes  pro- 
duced by  both  Dicotyledons  and  Mooocotyledous 
{t.g.  Fanlciaovata)  by  the  budding  of  cells  of  the 
DucelluR  in  the  neighbourhood  of  the  cgg-appa- 
nlUB.  The  fertilised  egg,  as  a  rule,  does  nut  then 
continue  its  development  (fig,  216).  lu  the  case 
of  CotUbtgjpie,  adventitious  enibryoe  are  formed 
even  when  no  fertilisation  of  the  egg  has  taken 
place.  Seeds  in  a  ri|>e  condition,  wliieh  contain  several  inch  adventitious  embryos, 
aiford  examples  of  rc>i.vEMDHVaKr.  Ovules  provided  with  several  embryo- 
sae*  do  not  exhibit  (wlyembryony,  as  in  tliat  case  only  one  embryo  attains  full 
develujnnent. 

During  the  development  of  the  embryo  a  parenchymatous  tissue, 
termed  the  knduhperm,  is  formed  within  tlie  embryo-sac,  usually 
completely  filling  its  remaining  free  space  ;  this  arises  by  a  procesH 
of  multicellular  formation  preceded  by  free  nuclear  division  (p.  66), 
or  by  repeated  cell-division,  In  some  species  of  planti  the  endosperm 
is  completely  disorganised  anil  supplanted  by  the  growing  embryo ;  in 
other  cases  it  occupies  a  larger  or  smiiller  part  of  the  ripe  seed. 


/InnKuw.  C,  Cotyledon ;  t,  ktuw- 
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Seeds,  when  riiie,  consist  of  the  seed-coat  (testa  and  tegumenjii 
embryo,  and  nutritive  liasue.  The  nutritive  tissue  ia  uot,  hon'ereif 
found  in  all  cases. 

The  SEKD-COAT  ia  vsriously  constructed,  usually  hard  and  dry  ;  i^ 
is  someiiraea  invested  by  a  fleshy  aril  developed  from  the  chalaa. 
The  NITRITIVE  TISSUE,  or  so-called  tilbamen,  either  takes  the  form  of 
a  perisperm  derived  from  the  nucellus  (Fig.  363),  or,  as  is  mor« 
frequent,  it  is  represented  by  the  endosperm,  A  seed  may  at 
same  time  be  provided  with  both  a  perisperm  and  an  endosperm^ 
Both  tissues  usually  consist  of  a  thin-walled  parenchyma,  the  cells  o( 
which  are  packed  with  reserve  material,  aleurone  grains,  starch,  fs^ 
etc.,  to  serve  for  the  nourishment  of  the  embryo  (Fig.  392).      Ii 


:^ 


^^^ 


na.  SVL—Put  at  arctioii  thTDUgh  oni^  oF  thn  cot]*. 
Isdoni  of  Ihf  Pm,  nhowlDg  calls  with  rcseni- 
imtvrUl.  nm,  SUtvli  gnint :  al.  nlmironp  gnlna  : 
p,  prgtoplimn  :  n,  nucleus;  m.  wll-imll:  I,  inWr- 


abaence  of  special  nutritive  tissues  this  function  is  performed  by  t 
cotyledons,  which  then  exhibit  a  similar  structure.  Sometimes,  ns  j 
the  endosperm  of  Phytdephas  jnacroatrpa  (Fig.  393),  valuable  technical^ 
as  vegetable  ivory,  the  cell-walla  of  the  nutritive  tissue  are  enortnoud; 
thickened ;  they  consist  of  nearly  pure  celluloae,  and  are  convert 
during  germination  into  soluble  fooil  materials. 

On  GKRMINATION  the  cotyledons  may  remain  within  the  seeda  ii 
the  ground  (hypogean,   c.'J.    in   the   Pea),   or,   Rpi)eiiring    above    I* 
surface  of  the  soil,  they  may  unfold  and  turn  green  (EPiuKAN,  e.ff.  1 
Lupine).     In  the  latter  case  they  are  frequently  more  or  less  leaf-lib 
in  character,  but  they  always  differ  in  form  and  structure   from  1 
ordinary  foliage-leaves. 
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The  Fruit 


The  fruit  of  Angiosperms  hus  a  more  varied  and  complicated 
structure  than  in  the  case  of  Gymnosperms,  whose  flowers  suffer  but 
slight  modiHcatioD  in  formation  of  the  fruit. 

Tiie  fruit  possesses  a  different  structure  according  as  it  is  derived 
from  nn  apocarpous  or  a  sjncnrpous  gyni£cium.  In  the  first  case  the 
ripe  cai-pels  are  separate  and  are  termed  FRi;iTs ;  in  the  second  the 
carpels  continue  united,  at  least  until  the  maturity  of  the  fruit  A  fruit 
of  a  more  complicated  structure  occurs  when  other  members  of  the 
flower  tlian  the  gyncecium  Uke  part  in  its  formation.  Aggregated 
fruits  of  this  nature  have  been  already  described  (p.  433). 

That  part  of  the  fruit  enveloping  the  seeds,  consisting  sometimes  of 
the  carpels  alone,  sometimes  of  the  carpels  and  the  adherent  receptacle, 
is  termed  the  Pericaiip  or  fruit-wall.  The  pericarp  frequently 
a|)pears  to  be  differentiated  into  zone-like  layers  di  tissue.  The 
outer  layer  is  then  termed  the  EXOt:ARF,  the  innermost  the  endocarp, 
and  the  layer  sometimes  lying  between  them  the  mesocarp. 

,  According  to  the  character  of  the  pericarp  and  its  condition  at 
maturity,  several  varieties  of  fruit  have  been  distinguished,  of  which 
the  following  are  the  most  important. 

1.  The  Capsule. — Fruit  with  a  dry  pericarp,  dehiscing  at  maturity. 
Most  frequently  the  carpels  separate 
from    one    another    by    longitudinid 

slits    (SEPTICIDAL      DEHIBCKNCK),     Or 

each  carpel  is  split  in  half  longi- 
tudinally (LOCULICIDAL  DKHIHCKSCK, 
Fig.  394).  In  more  rare  cases  the 
seeds    escape    through    pores    {fori- 

CIDAL  DEHISCKNCli:,  f-ff.  PapaVfT).  I 

The  following  distinctive  forms      „„„,..^„,^„ 
of  capsules  have  been  recognised. 

(«)  The  FOLLICLE,  consisting  of  a  single  carpel,  which  dehisces  along 
the  ventral  suture  (Paroniii,  Aomilum). 

(6)  The  iJiuuME  or  poo,  consisting  of  a  single  carpel,  which, 
however,  dehisces  along  both  the  ventral  and  dorsal  suture  (Pea,  Bean, 
and  many  other  Le^minosae). 

(c)  The  SILIQUA,  consisting  of  two  carpels,  which  sejiarate  at 
maturity,  leaving  a  persistent  partition  wall  (tbe  majority  of  tlie 
Crufiferae,  e.g.  Capsella  liursa  paslorif). 

(d)  The  PYXIDIUM,  opening  at  maturity  with  a  lid-like  valvo 
(AnagallU,  Ilyoxciiiiviva). 

n.  Dry  Indehlscent  Fruit. — This  type  comprises  fniits  with  a  dry 
pericarp,  whicii  neither  di^hisce  at  maturity  nor  break  up  into  separate 
carpels.  Indehiscent  fruits  with  a  hard  dry  pericarp  are  termed  NL'Ts. 
An  indehiscent  fruit  containing  one  seed  and  having  a  leathery  pericarp 


is  distingulBhed  as  a  caryopsis  (Grasses)  if  the  pericarp  is  adherent  to 
the  seed,  if  not  it  is  termed  an  achenk  (Coniposilae). 

III.  The  Schizocarp  is  a  dry,  many-chambered  fruit,  in  which  tbs 
carpels  aejiarate  from  one  another  at  maturity  without  dehiBclng  (Ci 
heUi/e.r(i€,  M<ihu). 

IV.  The  Berry  has  both  a  juicy  endomrp  and  mesocarp  (Grapc^ 
Apple).  In  a  few  eases  fruits  of  this  type  dehisce  at  maturity  by  slit* 
(Myrislica),  or  become  irregularly  ruptured  (Eeh<iUiuiii). 

V.  The  Stone-ftoilt  or  Drupe. — The  pericarp  is  differentiated 
a  soft,  generally  juicy,  exocarji  and  a  hard  endocarp  (Cherry,  ^^'alnut)■ 
A  single  stone-fruit  may  contain  several  stones  {Hkamnus  calharliea)i 
The  exocarp  is  sometimes  dry  and  spongy  (Coco-nut). 

Juat  as  the  great  variety  of  form  displayed  in  flowers  has  b 
result  of  their  adapUtion  to  a  particular  mode  of  pollination,  so  in  fruit 
it  has  been  intimately  connected  with  the  manner  of  seed  dissemination 
(see  Uisaemi nation  of  Seeds,  p.  291). 

The  Inflorescence 

The  flowering  shoot  frequently  bears  only  a  single  Hower,  wliick 
may  then  be  eitlier  axillary  or  terminal.  In  many  cases,  however,  thi 
metamorphosis  of  the  generative  region,  which  results  in  the  jiruductioii 
of  flowers,  has  led  to  the  formation  of  a  sjiecial  system  of  fertile  shoot* 
termed  an  inflorescence  or,  after  the  fruit  is  formed,  an  INPRUCTICS- 

CENCE. 

The  modifications  exhibited  by  the  fertile  shoots  of  sue 
inflorescence  are  due,  partly  to  a  difference  in  their  mode  of  branching 
partly  to  the  reduction  or  the  metamorphosis  of  their  leaves.  TheM 
changes  are  the  result  of  an  adaptation  to  pollination,  in  the  endeavont 
to  Hggregate  the  ftowers  and  at  the  same  time  render  them  more  con- 
spicuous by  the  reduction  of  the  foliage- leaves.  Sometimes  the  who)* 
system  of  fertile  shoots  is  converted  into  an  attractive  ap[>aj-atus,  aa  ii 
the  Araaae,  where  the  axil  and  the  subtending  leaf  of  the  inflorescenoa 
have  assumed  the  function,  usually  exercised  by  the  perianth,  i 
enticing  insects. 

Viewed  from  a  purely   morphological   standpoint,    two    types  i 
iti florescences  may  be  distinguished,  the  BOTRVOSE  (KAGKMOSr,    HOKO* 
poniAL)  and  the  cymose  (sympodial). 

I.  Botryose    Inflorescences.  —  The    main    axis    l)ranches 
vigorously  thun  the  lateral  axis. 

A.    LATERAL  AXES  UKBRANCIIED 

(a)  The  Raceme. — The  main  axis  is  elongated  and  bears  staike 
flowers  (Fig.  395,  if). 

(b)  The  Spikk. — The  main  axis  is  elongated  and  bears  seedlf 
flowers  (Fig.  395,  C).  ^ 


A  SPADix  is  a  apike  with  u  fleshy  axis ;  a  catkin  a  spike  which, 
after  flowering  or  when  the  fruit  is  ripe,  falls  oa  a  whole  from  the  plant. 

(c)  The  Umbel. — The  main  axis  is  contracted  and  bears  stalked 
flowers  (Fig.  395,  D). 


Pla.  MI3.— Dlignnis  □! 


:; 


('/)  Tile  Capithlvm. — The  main  axis  is  contracted  ami  buars 
sessile  flowei's  (Fig.  396,  E). 

ft.    LATERAL  AXIS^  BRANCHRD 

(f)  The  PANICLR — In  the  panicle,  as  the  term  is  generally  iifed, 
the  main  axis  is  longer  than  the  lateral  axis,  the  whole  inflorescence 
being  corre3|ioiidiiigly  elongated  (Fig.  395,  A). 

A  coitVMB  is  a  flattened  panicle  ;  an  ANTHELa  a  pnnicle  in  which 
the  lateral  axes  overtop  the  central  nxts. 

11.  Cymose  Inflofescfltices. — The  lateral  axes  grow  more  vigorously 
than  the  main  axis  for  the  time  beiiig,  and  form  a  pseudaxis. 

(fl)  The  McKNOCHABiLM. — Each  relative  main  axis  produces  only 
one  branch. 

A  mnnochasium  is  termed  a  hklicoid  cyme  or  bostryx  when  the 
lateral  branches  always  arise  on  the  same  aide  of  the  pseudaxls 
(Fig.  396,  C),  a  scoRploiD  CYMK  or  CINCINNUS  when  they  occur 
alternately  on  opposite  sides  (Fig.  396,  H). 

(b)  The  DiCHASiUM. — Each  relative  main  axis  produces  two 
branches  (Fig.  396,  A). 

(c)  The  Pleiochasium. — Each  relative  main  axis  produces  more 
Lhan  two  branches. 

Cymose  frequently  resemble  racemose  inflorescences,  and  are  then 
termed  cymoke  panicleu,  cyMD.sK  sptKK.i,  cvhose  kacemes,  etc. 

By  the  further  branching  of  an  inflorescence,  compound  inflor- 
escences may  occur  which  are  conatrucied  after  the  same  typf  {t.ff.  the 
com[)Oiuid  umbel  of  the  VmbtUiffrat),  or  consist  of  a  union  of  several 
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types  {e.g,  the  corymbs  of  Achillaea  formed  by  an  aggregation  of 
capitula). 

An   inflorescence   is    also   usually   provided   with    more    or    less 


Fio.  806.— Diagramii  of  cjnnose  inflorescencei).    A^  Dichasium  ;  B,  bostryx,  or  helicoid  cyme ; 

C,  cineinnus,  or  Hcorpioid  cyme. 

reduced  bracteal  leaves  or  hypsophylls ;  those  from  the  axil  of  which 
a  flower  or  flowering  shoot  springs  are  called  subtending  leaves  or 
BRACTS,  while  the  leaves  borne  on  the  stalks  of  the  flowers  are  desig- 
nated BRACTEOLES  Or  PROPHYLLA. 


Sub-Class  I 
Monocotyledones 

Flowers  constructed  for  the  most  part  after  the  trimerous,  penta- 

cyclic  type ;  seeds  usually  abund- 
antly    provided     with     nutritive 
tissue ;    embryo    with    one    coty- 
ledon.    Herbs  and   woody   plants 
with  CLoSKD  and  usually  scattered 
vascular  bundles  (Fig.  397),  nearly 
always  WITHOUT  cambium  ;   when, 
a  cambium  is  present,  it  lies  out- 
side the  vascular  bundles.      Leaves 
commonly  with   PARALLEL   nerva- 
tion. 

The  embryo,  in  the  majority  of 
Monocotyledons,  is  small  in  com- 
parison with  the  albumen  (endo- 
sperm, rarely  perisperm).      It  con- 

Fio.  397.— Transverae  section  of  tlie  stem  of  sists,  aS  a  Fule,  of  a  short  h}'pO- 
ZraMais.  cr.VaHCularbumlle  (For  further  ^otyl,  with  a  Still  shorter  TOOt  and 
(lescnptiun  see  p.  IW  and  Fig.  124.)  i      •      i      i  i     -i  «  .  < 

a  relatively  large  cotyledon,  which 
on  germination  remains  wholly  or  in  part  enclosed  within  the  seed, 
and  exhausts  the  albumen  of  its  food  material. 


The  primary  root  dies  premuturety   and    is   replaced   by   adven- 

titioua   roots,  which   usually  live  but  a  short  time,  and  are  in  turn 

superseded  by  others  developing  aucceasively  higher  and  higher  on 

tlie  stem.     The   routs  are  generally  unbrancbed, 

and  exhibit  secondary  growth  in  thickness  only  • 

in  the  few  cases  when  a  cambium  is  present  in 

the  stem. 

The  stem  of  most  Mouocoty)edons  is  simple  ; 

when  branching  does  occur,  it  rarely  results  in 

the  foiTQUtion  of  a  profusely-branched  crown  (with 

res])ect  to  the   disposition   and  structure   of  the 

vascular  bundles  of  the  stem,   see   p.    102  )  for 

occurrence  and  description  of  secondary  growth, 

p.  138).     The  leaves  are  always  devoid  of  stipules,   ' 

and,  in  the  majority  of  cases,  alternate,  arranged       rj*n^  am.»r°°™  '  *' 

in  two  or  three  ranks.     They  generally  have  a 

well-develo[>ed  sheathing  leaf-base,  are  witliout  stalks,  and  are  lineal 

or  elliptical  in  shape  and  parallel- nerved,  although  leaves  otherwise 

constructed  not  unfrequently  occur  (Fig.  399). 

The  structure  of  Monocotyledonous  flowers  may  be  traced  back, 

in  almost  every  case,  to  the  trimerous  pentacyclic    type  {Fig.  398). 

It  may  accordingly  be  inferred  that  the  flower  of  tlie  ancestral  form 

was  actiiiomorphic,  and  composed  of  five  alternating  trimerous  whorls, 

each  whorl  consisting  of  similar  members. 

This  tyi>e  has  been  rcUtined  unchanged  in  many  Monocotyledons ; 
in  others,  modifications  have  occurred  in  the  course 
of  their  phylogenetic  development,  resulting  some- 
times in  a  transition  from  an  actinomorphic  to  a 
/.ygomorphic  or  asymmetrical  structure,  sometimes 
in  a  reduction  in  the  number  of  members  in  the 
whorls,  less  frequently  in  an  increase.  The  more 
important  of  these  deviations  from  the  usual  typo 
will  be  noticed  in  detail  in  the  descriptions  of  the 
single  families. 

The  peHunth  is  not  usually  difTerentiated  into  a 
calyx  and  corolla ;  it  is  small  and  inconspicuous  or 
large  and  highly  coloured  according  to  the  mode 
,  of   pollination,   whether   effected   by  the   wind   or 
•t<im/i-ni~,  imt -wiih  insects.     In  a  few  cases  of  entomopbilous  pollina- 
i>i[iii*i    voiimtigii.   jJQ„  j(,g  perianth  remains  insignificant,  and  other 
parts    of    the    plant    assume    the    function    of    an 

attractive  ap{>aratus. 

The  UoaocotylodouB  aru  divided  into  the  following  orders :  LiUiflorat,  Kuan- 

liebUutat,  SpadieiJIorot,  Qtvmifionu,  Htlobtat,  Seitamineae,   Oynandrai,     Tbuo 

ortlers  du  not  conidtutc  ■  continnous  seriea,  beginuiDg  with  the  most  primitive 

Tumu  &nd  succeaaivdy  oncending  to  those  more  highly  developed,  but  reipreaeot 
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rather  a  group  of  isolated  branches,  of  which  the  common   stock   has  become 

extinct. 

The  Scitamineae  and  GtjTiandrae,  the  most  highly  developed  of  the 
Monocotyledons,  have  probably  arisen,  however,  from  the  Liliifiorat, 
Many  things  seem  to  indicate  that  the  primitive  Monocotyledons  wer6 
grass-like  and  adapted  to  wind-pollination ;  in  particular,  the  circum- 
stance tliat  the  simplest  representatives  of  several  of  the  orders  posseas 
such  a  form,  while  the  orders  Scitamineae  and  Gynandruey  in  which 
this  is  not  the  case,  are  manifestly  of  later  origin. 

Order  1.  Liliiflorae 

Type. — Flower  hypo-  or  epigynous,  actinomorphic,  i-arely  slightly 

zygomorphic,    always  with    a   PERIANTH    consist- 

•  ing  of  complete,  fully-developed  whorls  :   P3  +  3, 

A  3  +  3  or  A  3,  G  (3).    Ovary  three-locular.    Ovules 

anatropous   or   campylotropous,    rarely    atropous. 

Endosperm  always  present,  enclosing  the  embrya 

In  the  majority  of  the  Liliiflorae^  the   flowcrrs 

exhibit  the  typical  Monocotyledonous  form  (Fig. 

400),  and  are  actinomorphic,  with  five  trimerous 

whorls,  the  members  of  eacli  whorl  being  similar. 

The  slight  zygoniorphism  displayed   by   some  of 

F.o^  40o.-i)mKra,n  of  th.  ^^^  f^j^^g  ^g  occasioned  by  the  one-sided  curvature 

flowers  of  most  Lilu-       -       i  rni  i  •    i  *»«**«**^ 

jiome.  of    the    Stamens.       1  he    only   essential    deviation 

from  the  Monocotyledonous  tyi>e  is  restricted  to 
a  few  families,  and  consists  in  the  suppression  of  a  whorl  of  the 
androecium.  The  suppression  of  singhj  members  of  the  whorls  docs 
not  occur. 

In  some  genera  the  wliorls  are  eoniposed,  instead  of  three,  of  two,  four  or  five 
members.  These  variations  are  due  neither  to  reduction  nor  to  splitting,  and 
are  attributable  to  dilferences  existing  in  the  very  rudiments  of  the  organs.  The 
number  of  members  in  the  wliorls  may  vary  even  in  the  same  species,  e.g.  in  Paris 
quadri/oUa,  which,  in  addition  to  the  usual  tetramerous  flowers,  not  unfrequentlv 
produces  others  constructed  on  the  plan  of  five  or  six. 

Tlie  Liliiflorae  are,  with  few  exceptions,  herbs,  in  which  the  sub- 
terranean parts  often  take  the  form  of  perennial  rhizomes  or  bulbs, 
while  the  aerial  shoots  usually  die  after  the  ripening  of  the  seeds.  In 
only  the  simplest,  apjiarently  oldest,  grass-like  forms  are  the  flowen 
inconspicuous  and  adapted  to  wind-pollination ;  otherwise  they  are 
larc^e,  b<»autifully  coloured,  solitary  or  aggregated  into  loose  inflor 
escences. 

The  differences  between  the  families  are  not  uniformly  constant ;  on  the  con- 
trary, in  some  of  the  species  of  almost  every  family,  characteristics  distinctive  of 
other  families  occur,  e.g.   three  stamens  in  families  in  whicli  six  is  the  nonnal 
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number.     Similarly,  in  nearly  every  family  transitional  forms  are  found  which  link 
the  different  alliances  together. 

Of  all  the  families  of  the  Liliiflorae,  the  Juncaceae  probably  resemble  most 
clearly  the  primitive  type.  From  primitive  forms,  similar  to  this  family,  have  arisen 
on  the  one  side  the  Liliaceae  (some  of  the  representatives  of  which  still  possess  a 
grass-like  character),  and  on  the  other  side  the  Olumifiorae.  Most  of  the  other 
LiliiJloTue^  e.g.  the  Amai'yllidaceae  and  Iridaceae,  are  probably  descended  from 
the  LiliaccaCy  as  well  as  the  orders  Gynandrae  and  Scitamiiieae^  but  in  these  meta- 
morphosis and  reduction  have  advanced  further. 

Family  Juncaceae. — Flowers  hypogynous,  hermaphrodite,  with 
GLUMACEOUS  perigone ;  pollen  in  tetiids ;  ovary  three-  or  four-locular ; 
three  long  papillose  stigmas,  endosperm  mealy ;  grass-like  plants  (Fig. 
401). 

On  account  of  their  similarity  to  Grasses,  the  Juncaceae  are  often 
classified  with  the  Olumifiorae,  although  in  the  structure  of  their 
flowers  they  agree  essentially  with  the  Lilt' 
areae,  their  points  of  disagreement  being  for 
the  most  part  due  to  their  different  mode 
of  pollination.  In  the  Juncaceae  pollination 
is  effected  by  the  wind  ;  their  flowers  are 
correspondingly  inconspicuous  and  provided 
with  dry  pollen  and  large  papillose  stigmas. 
The  inflorescences  are  variously  constructed 
and  of  different  types.  The  fruit  is  a  cap- 
sule. In  the  genus  Juncus  (Bog-Rush)  the 
capsules  are  many-seeded ;  in  Luzula  (Wood- 
Rush),  three-seeded. 

Geographical  Distribution. — The  Jun- 
caceae grow  in  the  temperate  and  cooler  zones 
of  both  hemispheres. 

Family  Liliaceae. — Flowers  hypogynous  ; 
perigone  couollaceous  ;  six  stamens ;  seed 
with  endosperm,  which  is  either  oily  or  con- 
sists largely  of  cellulose  (Figs.  402-405). 

Most  of  the  Liliaceae  are  succulent  herbs 
with  perennial  bulbs  or  rhizomes ;  the  species 
of  Aloe  and  Dracaenay  however,  are  in  part 
shrubs  or  small  trees.  The  leaves  are  not  segmented  into  stalk  and 
lamina,  and  are  usually  narrow  in  proportion  to  their  length,  undivided 
and  rarely  toothed  (e.g.  some  species  of  Aloe).  The  flowers,  which  are 
often  large  and  conspicuous,  are  solitary  and  terminal,  as  in  the  Tulip, 
or  are  aggregated  in  clusters,  like  the  Hyacinth,  less  frequently  in  pro- 
fusely-branched and  complicated  inflorescences  They  are  adapted 
to  insect-pollination  and  are  provided  with  means  of  enticement,  such 
as  white  or  highly-coloured  perigone  leaves,  sweet  perfume,  nectaries, 
etc.     The  fruit  is  a  capsule  or  berry. 

2  K 


Fio.  401. — Juticus  lamprocnrjms. 
a,  Part  of  an  inflorenceiice ; 
Hingle  flower  (b)  and  gyn- 
cecium  (c)  more  highly  magni- 
fied. 


Sca-FAMii.iGH   AKU   Rkpkeskntativk   Oeheua.^(1]   Melanihoidttu. 
atylea,  ftepticidat  cftpsulea ,-  Vrralntm  ;  Colehiatm  ;  Sabadilia.     (2)  Lilioidta. 
Btjrle,  loculicidal  capsutM  ;  TuKpa,  Liliwm  (with  a  nectary  groore  in 
luO;  Sj/adnthus :  Muatari;  OrnifAogalum  (Fig.  403);  Scilla ;  Ur^nta :  AlHt 
bulbous  plants  with  radical  \w,vm  and  compouiiil  bostryclioid  inlloreBeonces :  AlA 
(3)  Asparagoideae,   without  bulbs  ;    fruit   a  berry ;    Polygonatuin  ;  JlfaJurU  ~ 


10.  4Va.—a-t,  OmllA'VuJi 
put  of-  parigiHie  ant 
ColdXnw  mlvuHuUt  .■  f.  fruit  in 
■purm  (J),    (r-u  mMgnin"!.) 


r  ;  Com'allaria  ;  Paris  ;  Aspnrayus,  with  needle-s 
Draauna,   dichotomoaaly  branching  trees   wi 


with  (litueri 
hnnches ; 
groH'th. 

Grookaphicai,  DlSTBlBirTios. — MembflrH  of  thr  large  family  Liliaecat  mn  U 
widely  distributed  in  nil  zones,  yet  a  priprBrenca  secias  to  be  shovrn  Tor  tlw  d 
wanner  parts  of  the  TeDi|ierate  Zone.     KiuneroUH  species  are  found   in  GvM*  a 
lueodowH   of   the  Mediterranean   countries.      Members   of  tliis   familj  • 
profuBioti  in  South  Africa,  whore  during  the  short  spring,  in  comiMuiy  with  « 
bulbiras  and  tuberous  plants  (/ruliicfuc,  Atiianjllidoctar.   Orthidnctat),  thi>;  «■ 
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the  tttrth  with  a  carpet  of  purple,  red,  yellow  and 


oraoge  flowers  only  to  disappear 
nti  the  first  approach  of  the 
dry  seasoD,  the  nndergrDnnd 
portions  alone  remaining  alive. 
Many  Liliaeeae  are  cultivated 
as  vegetables — Agparaf/ut  offi- 
cinalit,  asparagus ;  Alliaia 
Cepa,  onion  ;  A,  aalivutn,  l£ng- 
lisb garlic;  A.  Sehocnopranim, 
chives  ;  A.  oKalonicum,  shal- 
lots. Other  Ziliaecat  are 
ramiliar  as  ornamental  plants  : 
the  various  species  of  Tulip, 
Hyacinths,     Liliuni,     ScilU, 


Frititlaria,  Yucca,  Dracaena,  Aloe,  etc. 

¥oitiOSoue.~Colchiettm    autumnnlr. 
Meadow  Saffrou  (Fig.  403).     It  ]>oi<sesse8  a 

suhtermijean    tuber,    which    gives    rise   to    f'"'- «>*-'-''™^^™J'^^''(l  ™t.  .Ize).- 
the   ro»i' -coloured,   fumi  el -shaped  flowers  in 

AiiguBt  or  September,  followed  in  the  succeeding  spring  by  the  leaves  and  fruit ; 
at  otlicr  wasons  of  tlie  year  the  plant  exists  only  in  the  fomi  of  a  tuber.     The 


Ljisiilo.     The  whole  plaut,   particalsrlj 
tubers  and  seeds,  contains  a  litfge 
oentage  of  tha  poisonous  alkaloid  «al 
oliicin.     t'erainim  album  U 
leaved,  tall  herb  growing  la  meadow* 
regions,  with  a  fleahy,  p) 


;   tho 


i'horip*taloiia    flowers 

into  a.  terniinal,  pyroni  id -shaped  panicki 

The  jKiisououa   properties  of  the 

are  due  to  the  proaencp  of  veratnridiM 

and  jervic.      Paris  gjuidr^folia,   HtA 

Paris   (Fig.   40*),   is   an   lierb    with 

singlu    wliorl    of    four    leaves.       TaA 

plnnt  produces  one  terminal   tetrainer- 

ous     flower     of     a     greenish 

Trom   which   the  Iruit,   a   black   hen?, 

rlevulops.     The  to.tie   principlf 

case  is  paridin.     The  Uly  of  thr  Val]«y 

(Convallaria  majalti),  the  balba 

Tulip    ( Tiilipa)    and     of    tlio     Croini' 

Imperial     (FTiCillaria     iiaperialit) 

also  more  or  less  poisonous. 

Officinal.  —  ColcAiettm    autna 
yields    Sbukn 
CoLCHici ;  Fer- 
otruia    allnim, 
>.'        E  a  I  «  o  K  X 
Vkuatui  ;   Sa- 
'.   bndilla   ogia-n- 
WtwwDLo,)  arani     (grass- 

like,  small- 
leaved  bulbous  plants  of  Central  America  and  Veoe- 
iueU) ;  Veratbisdm.  Ai.ob  is  derived  from  tlie  evapor- 
ated sap  of  the  leaves  of  South  African  Al'H  species 
(herbs,  slimba  or  small  trees  vtitli  flesh;,  oiten  serrate 
leaves  ;  infloreacence  a  loose  raceme  with  leafless  or  scaly 
axis ;  perigone  leaves  united  into  a  tube.  Fig.  405). 
UTginta  moriiima  [Mediterranean  bulbous  plants 
with  lealy  stalk,  teiminating  in  a  raoeme  of  white 
flowers)  yields  Bdlbus  Scillae  {.Sq\Hli).  Radix Sausae 
or  Sarsaparilla  is  procuiwl  from  Central  American 
species  oF  Sinilaa:  (for  the  most  part  prickly  plants  climb- 
ing by  tendrils  ;  flowers  diiccioiis,  greenish ;  ovules 
atropons).  i 

ntiB.      IS 

Family  AmarylUdaeeae. — As  in  the  Liliacme,  (naataii:  *. 
except  that  the  flowers  are  Ei-IGYNOUS  (Fig.  |^,  *"  "^' 
i06). 

Herds,  usually  bulbous ;  very  similar  to  the  LUiactae  in 
ance  atid  mode  of  life. 


ing  families,  but  frequently  have  narrow,  two-ranked,  equitant  leave!.: 
The  flowers  are  usually  large  and  showy ;  the  fruit  is  n  loculicidal  capeul^ 

EEPHEsESTATtVE  Oekeka. — Ifit,  witb  rhizomr,  and  eqnitant.  svord-alupM 
leaves  and  petaloid  stiglliaa ;  Oriieii-a,  with  tubi?rous  rhizome,  and  linear  leavei  (at 
equitant) ;  GUidiolua,  with  iygomor]ihii;  (lowers. 

OsoaitAf  fiiCAi.  DiHTBtBUTioN. — Like  iheLiliiUeat,  the  Iridaefae  ore  twrticul 
ahuadant  in  Southern  Africa.     Various  sjifciea  o!  Iris,  Croem,  0ladiolHt  ««  coin 
vftted  as  onuunental  plants. 

OFPtctNAL. — Irit  yermatiica,  I.  pattula,  and  /.  fiorf>iti«a,  all  MediterraOMI 
specien,  SQppI]'  OrriH  Root,  Rbizoma  Ibidis.  The  Btiguias  of  Oroeua  uatitm 
(caltivated  in  different  localities  in  the  Eaet]  jield  SafTron  or  Cbocus. 

To  the  Liliifitirat  belong  also  the  following  fitmiliea  : — Dioteortax*-ae,  Val 
family,  dicecioun,  amall-Bonered,  twining  plants  which  diifer  only  in  liabit  titm 
the  AinaryUiditceae.  Saemodonutae,  Blood  wort  family,  ditfering  frotii 
AvuinjUidaeeat  in  the  suppression  of  the  outer  whorl  of  thu  andnfoiim. 
Bromcliaeeac,  Pine-Apple  family,  for  the  most  [wrt  epiphytic  herbs  with  sti 
aword-ahaped  leaves  forming  u  rosette,  from  the  centre  of  which  springa  a  flowi 
stalk,  in  most  instonceB,  with  red  brscteal  leaves  and  flowers  aggregated  ia 
compact  racemes.  The  peiiantb  is  dilfcreotiated  into  calyx  and  corolla.  H 
Bfoiaeliaeme  all  grow  in  America,  chiefly  in  the  Tropica,  where  they  live  partly  ■ 
epii)bytes  on  trees,  and  portly  terrestrial  in  tbe  clefts  of  rocks.  To  the  lattl 
class  belongs  AnanoMa  aativa,  whose  inflorescence  constitutes  the  (rnit  famiUall] 
known  as  Pine-upple. 

Order  2.  finantloblastae 

Flowers  hypogynous,  often  iiedi.l'ed  ;  ovules  athoiioi's  ;  embryo  lyiag  oa 
(ide  of  tbe  mealy  albumen. 

The  Bnantiobloitac  are  grass- lilie  or  herbaceous  plants,  with  email  incoiispioDO> 
flowers,  conatrucled  according  to  the  regular  Ktonocotyledonona  type  or  nu 
or  less  reduced,  and  usually  aggregated  in  camjioct  inflorescences. 

This  order  inliabita  princiimlly  the  Tropics  and  the  Southern  Hemisphere. 
comprises    chiefly     the     families     CeiUrolepidaeitat,     Reatiactat,      EriocatilaeM 
Xgridaerae,  and  Commelinacear.     Some  Commtlinacfae,  espeoioliy  various  sped 
of  TradneaiUia,  are  cultivated  as  ornamental  plants. 

Order  3.  Spadlclflorae 

Flowers  hypogi'nous,  usmiUy  diclinous,  aotinoniorphic,  fr* 
quently  bkduced.  Iniloresceuce,  a  -spadix  or  compound  spik^ 
WITH  ONE  OR  MORE  SFATHKS  (large  sheiithiug  bracts)  at  the  base. 

The  Spadkijlorae  comprise  herbaceoUB  and  woody  plants  of  da- 
similar  appearance  but  with  inflorescences  of  uniform  Btnictum 
While  in  the  LiliiJU/rae  the  flowers  are  either  solitary  or  loosetf 
aggregated  in  small  numbers,  so  that  each  flower  retains  its  individoi* 
prominence,  in  the  Spadki/lorae  they  are  only  subordinate  memba 
of  a  compact,  highly  organised  inflorescence  which,  when  the  epatbe  ii 
uorollaceous,  is  commonly  mistaken  for  a  single  flower  (e;y,  "  "  ^^^ 
Bichardia   atlhiopiea).      In   accordance  with  the  inconspici; 
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played  by  the  individual  flowers,  they  are  frequently  reduced,  par- 
ticularly aa  regarda  the  perianth,  whose  function  is  assumed  by  the 
axis  and  sheathing  bracts ;  sometimea  a  reduction  also  occurs  in  the 
andrcecium  iiud  gynceuium. 

Many  species  ore  pollinated  by  the  wind,  and  these  possess  incon- 
spicuously coloured,  though 
often  enormous  inflorescences. 
In  most  species,  however,  the 
inflorescences  are  adapted  to 
insect  pollination.  The  spathes 
and  free  parts  of  the  axes,  but 
not  the  individual  flowers,  are 
in  such  cases  equipped  witli 
enticing  colours,  and  serve  as 
organs  of  attraction. 

Family  Palmaa. — Flowers 
of  the  regular  Monocotyledoiious 
type  or  with  reduced  gynce- 
cium ;  aggregated  in  PROFUSELY 

BRANCHED  INFLORESCENCES, 

which  are  provided  with  seve- 
ral SPATHES.  Woody  plants 
with  unbrancbed  stems  and 
pinnate  or  palmately  divided 
leaves  (Figs.  409-411). 

The  vegetative  organs  afford 
the  moat  characteristic  means 
of  distinguishing  the  members 
of  the  family.  The  simple 
(branched  only  in  Hi/phame  tke- 
baica)  cylindrical  stems  bear  a 
rosette  of  large  pinnat«  or  pal- 
mately divided  leaves  nl  the 
summit,  which  gives  them  a  dis- 
tinctive appearance  (Fig.  410), 
easily  recognisable  and  charoe- 
tciistic  of  only  a  few  other  , 
plants  (Tree-Fems,  and  Cytm- 
dateof).  A  few  species  are  liane- 
like  in  form  and  mode  of  growth  /i'Ji'(;,"..7lu»i.  >i>".T'  ""'""' '"  """  """"' 
(«.?.  Citlamiin).     The  leaves  are 

not,  like  true  compound  leaves,  divided  in  their  early  stages  ;  they  are, 
on  the  contrary,  first  developed  as  entire  plicate  leaves,  which  ulti- 
mately become  slit  into  segments  by  the  subsequent  death  and  rupture 
of  the  tissue  at  the  edges  of  the  folds.  The  inflorescences  (Fig.  409) 
are  generally  axillary  and  hang  down  below  the  leaves ;  in  the  cases 


mcRiwr^  tit  CaryMi  vrvu,  gmtly 
B  riurmln  navet  iHliiw,  niul  miiln 


where  they  are  terminal  the  tree  dies  after  the  seeds  rjpen.     In  thdr 


iarly  stages  the  inflorescences  are  entirely  enveloped 


tlie  Bpatliei, 
the  flowering 
spikes  eventually 
protrude  and  bew 
numerous  small  flowen 
of  an  inconspiciloua^ 
usually  yellowish,  cot. 
our.  Pollination  ia 
effected  by  the  wind. 
or  by  insects.  Tha 
fruit  is  apocar]ious  or 
syncai-pous;  sometimei 
a  berry,  as  in  the  caM 
of  the  date  -.  aonie- 
times  an  inde  hi  scent 
fruit  or,  like  the  eocoai- 
nnt,  ft  drupe.  Fran 
one  to  thrre  seeds  on 
produced  i»  an  ovary. 
The  endosperm  is  ofiei 
hard  and  bony  in 
coneerjuence  of  iu 
strongly-thickenedcell- 
walls. 

DiBTU- 


Only  ■  Tfw  speciea  thrive  in  the  n-irmiir  countriea  of  the  teiopenite  iobm,  r.g,  ikC 
Dwuf  PAlni,  Chamaerops  hvmilU,  of  South  EuropK,  «ud  the  Date  Palm, 
dadyli/eni  (Fi)t,  410],  cultivated  to  a  large  extent  in  the  oaseit  o(  th«  Saliark. 
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the  otUer  hand,  Painn  in  a  wild  or  uncultivAted  slate,  and  displayiug  a  gieat 
variety  of  form  aud  hub.  uoiiHtitute  the  most  chsracturistic  Teature  of  neu-ly  all 
tropiul  oaiintrieo.  There  the  Coco-aut  Palm,  Coon  trnd/tra,  tlio  tiioet  important 
(oonamic  plant  of  the  Palm  iamily,  in  found  growing  evoiywhete  in  the  neigh- 
bnurhood  oftlie  uoaet,  uither  solitary  or  gregariouHly,  in  foreata.  Tlie  cac»a-nut 
(Fig.  411)  is  a  gigintic  dmiie  with  a  a|iongy,  fibrous  exocarp  and  a  hard  clidocarp  ; 
the  single  seed  consiHta  of  a  thin  seed-coat  and  a  large,  hollow  fatty  vndospcrni,  in 
which  the  Binall  embryo  is  cmheddi-d.  Arrea  Caleelui,  the  Betel  Pslni,  towers 
«bnve  all  the  villageR  of  the  East  Indies,  with  its  sleoder,  usually  straight,  lofty 
»tcm  surmonnted  bj  a  amall  crown 
of  emerald -green  leaves.  Other 
Palms  arc  cultivated  for  the  sugar 
or  wine  the;  yield,  or  as  ornn- 
mental trauB.  In theopeuSavannas, 
Palms  growing  singly  or  in  small 
woods  are  of  frequent  occurrt'We. 
In  ihe  primeral  fon-nts,  the  apeoies 
with  [All  Btema  grow  aiiart  froni 
Mch  other,  in  the  midst  of  au  under- 
growth of  smaller  forms,  while 
thorny  Palm-Itanes  twining  from 
tree  to  tree  form  an  inipeuvtrable 
JQugle.  Very  few  Palma  are  of 
special  value  commercially,  toaddi* 
tioD  to  the  Coco  and  Date  Palms  may 
be  toentioned  Elaeis  gtanetnn),  the 
African  Oil  Palm,  the  oily  meso- 
carp  of  whose  fruit  yields  pabu'oil ; 
PhyUltphat  iiuKi'oearpa,  of  whitli 
'  tlie  hard  endosperm  is  known  as 
vegetable  ivory  (Fig.  393) ;  and 
Calamtu,  the  sicms  of  which  are 
used  as  iMUie  or  rattan. 

OrplL'ISAL.  —  Jnea  CiUeeha 
(Eaat  Indies)yieldsSKt(KK  Aketae  ; 
Cofnt  aueifira,  Oi.FXis  CoroH. 

Family  Araceae. — Flowers 

often  GREATLY    REDLX'BD  ;    in-  '    '      ' 

florescence    a    simjile    spadix 

with  a  siNULE  iiaiiaily  torol-  rm.  lw.-.^^..m■«lnl;,««ll.^lll»l■'i«^- 

laceoiis  apathe.     Horbti,  rarely 

woody  plants,  with  simple  or  compound  leaves  (Figs.  412-414). 

Tlie  leaves  of  tlie  .-irnaue  are  usually  divided  into  stalk  aud 
lamina  ;  tbey  are  frequently  hastate  in  shape  and  generally  reticulalelj' 
veined.  The  inflorescence,  which  Is  characteristic  of  the  family,  con- 
sists of  a  Hcshy  spailix,  the  axis  of  which  frequently  terminates  in  a 
naked  coloured  prolongation  such  as  occurs,  for  example,  in  Ai-vm 
tnaailalam  (Figs.  41L',  413),  where  it  has  the  form  of  a  purple  club, 
The  enveloping  spathe   is    also  often    showily   coloured  ;    sometimes 


snow-white  (e.ff.  Richardta  aetkioptca),  but  more  frequently  purple  < 
brown,  and  in  that  case  the  inflorescence  often  emits  a  carrion-lik 
stench  attractive  to  the  insects  by  whose  aid  pollination  is  eflectedl 
The  fniit,  with  few  exceptionB,  is  a  berry. 

GiioORAPHirAi,  DisTttiBUTinM.— The  Araeeae  me  found  almost  excluoiveljr : 
the  Tropica,  where  they  include  numerous,  orten  oxtreniely  grotesque,  forma,  whu 
havf,  not  nnfrcquently,  »gig»ntic  size  aud  constitute  a  very  large  part  or  tlie  he*. 
iiscMiuB    Flora  of  the   primitive  forests.      Many  species  are  terrestrial,  growiag^ 
gregariouHly  in  the  deep  shade  of  tlip  woods,  while  others  climb  by  means  of 
rnots  to  the  tops  of  the  tri-ns,  or,  as  ejiiphytes,  form  Inrgfl  nest-like  growlhs  od  thtir 


bianchea.  The  moat  remarkable  of  nil  the  Arareite.  U  AmorjihityhaUuii  lUaama, 
lierb  fouud  in  Western  SnmaCra ;  it  attains  a  height  greater  than  tbat  of  a  m 
(tcvvlopint!  enormous  tubers,  and  a  purplespadix  nearly  1}  ni.  high.  Sevenl  aoM 
of  ArnttJif  are  eultivatod  as  ornamental  plants,  e.g.  llidutrtlin  nMiopioa,  tiM 
rallnl  Calla  Lily,  and  the  root*climber  ifmiUeni  liflieiiiia. 

r.tiwiNotrs.— Most  of  the  Arofcae  are  poisonous.  Arum  auifuIaXitin  (Viga..  I 
418),  a  tuberoua  herl)  (fwwing  in  woods,  has  a  few  hastate  leaves,  f^juenllrw 
brown  s|iots,  a  greenish  Hpnthe  snd  a  Heshy  aptulix  terniinstiDg  in  a  naked,  par 
cUtb-shaped  prolongation.  The  flowers  are  inon<ecious;  the  female,  at  thstMkM  of  i 
sjiadix ;  the  male,  forming  a  umallcr,  s('|iiin>tu  groiiii  aboro ;  nhile  atUI  highM 
on  llie  t'lwdix  are  n  feu  sterile  lluwerK.     In  Ciilla  /mliDlrii,  Water  Arnni    a  r 
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plant  growing  in  bogB  and  ewaiDpy  [ilaces.  the  8|nthc  is  white  on   tlie   upper 
surface  and  envelope  a  spadix  completelj  beset  with  hemiaplirodite  flowen. 

Officinal. — From  Acona  Calaiaut,  Sweet  Hag  (Fig.  414),  a  marsh  plant  with 
creeping  rhizome,  narrov  leavcH,  and  greenish  inflores- 
if  cences  of  liprmaphrodite  flowers,  RnlzoxA  Calami   ia 

obtained. 

Family  Lemnaceae. — Greatly  reduced  Am- 
cem.  Flowers  monceciouB,  naked  ;  the  male 
consisting  merely  of  one  stamen ;  the  female, 
similarly,    of  a  single   carpel.     Inflorescence,  a 


spadix  formed  of  three  flowers,  two  male  and 
one  female,  invested  with  a  spathe.    Small,  FSEE- 

SWIMMINU,   DIKC-UKE,    LEAFLESS    WATER-PLANTS 

(Figs.  415,  416). 


Fl«.  < 


How«:/r,  r 


— Ltnn/t  ffiUwi. 


Tlie  green  vegetative  1>odj  of  tlie  Duckweed  has  usually 
"-(,  root-pDcket.  (Aflj'r  '***"  regarded  as  a  system  of  naked  leaf-like  asea  ;  more 
nEntr.KAiER,  iiMKnill'il.)    recentlj  it  has  1>een  asserted  that  it  eonsists  essentially 

of  leaves. 
OEseR\.—S/>iroJda,  Lemna,  ffoijfln  (without  roots), 

GFX>oitAPHi(-Ai.   DWTBIBU7ION.  —  Duckweed  is   foimil  everywliore   in   quiet  or 
Hta((uaQt  water. 

Tlie  following  families  are  also  included  in  the  order  Spadicifiorn.'  .■^Pmulaiiaefoe. 
Tro|>iral  trees  borne  on  stilt-like  roots  ;  leaves  8wonl-sIiai>cd,  inflorescence  a  large 
siioilix.  Ctjdantluiefac ;  tropical  lianea  and  shrul™,  often  resembling  Palms  but 
bearing  many-seeded  berries.  SpaTgania(eat  and  Ti/phacrue ;  grass-like  niarsb- 
]ilants,  the  latter  iKWSessing  thick  brown  cylindrical  in 
TjijiAa  are  represented  in  Germany. 


Order  4.  Olumiflorae 

Flowers  hypogynous,  hermaphrodite  or  unisexual,  xaked  or 
WITH  BKDrcKD  PKRIGONE ;  ovary  unilocular,  containing  oke  ovllk  ; 
inflorescence  with  MANY  small  flowers,  and  numerous  GLUHACEOUS 
BicACTs.  For  the  most  part  herbs  with  linkar  rAKALLEi.-NEBYEi> 
loaves. 

All  the  Qluinifimae  have  a  grass-like  apjwarance,  i.f.  they  are 
herbaceous,  rarely  woody  plants,  with  narrow  pointed  leaves,  and  have 
inconspicuous  inflorescences  bearing  small  flowers  and  numerous  scale- 
like bracts.  The  bracts  are  dry,  green  or  brownish  hypsophylls, 
in   part   sterile  and   to  some  extent  serving  as  subtending   leaves 


to  the  lateral  axes  and  Howers.  They  usually  constitute  the 
noticeable  part  of  the  in  florescence,  particu)ai-ly  when,  as  jii  many  tnu 
Grasses,  they  are  prolonged  into  an  awn  (ariBtu).  The  inconspicnntn 
colour  of  the  inflorescence,  the  gentle  swaying  movementa  of  the  anthen 
pendent  from  the  long  fllanients  hanging  down  between  the  bracts,  thft 
abundant  dry  pollen,  and  the  well -developed  papilla;  on  the  lur^ 
stigmna  are  all  directly  correlated  with  the  wind-pollination  common 
to  all  Glumifiorae  (Fig.  421). 

As  in  raoat  thick  smail-flowered  inflorescences,  the  individual 
flowers  of  the  Glumifiorae  are  simply  constructed,  evidently  in  this 
in  consequence  of  reduction.  In  none  of  the  Sowers  of  this  order  is 
the  regular  Monocotyledonous  type  presented  in  an  unmodiHed  form 
iill,  at  least  one  or  the  other  of  the  whorls  is  entirely  suppressed.  Th» 
perigone,  no  longer  exercising  its  protective  office,  now  assumed  by  the 
bracts,  consists  only  of  bristles,  or  is  altogether  absent.  The  andrtB- 
cium  has  sometimes  all  the  six  stamens,  but  usually,  by  the 
suppression  of  the  inner  whorl,  it  is  reduced  to  three  ;  the  gynwcium 
may  also  possess  the  full  number  of  three  carpels,  although  generally 
only  two  are  present.  In  most  cases  a  dry,  indehi scent  fruit 
(caryopsis)  is  produced,  with  one  seed  containing  a  mealy  albumen. 

A  siaiiUr  gnws-likc  liabit  is  bIiomii  by  other  Monototylodons,  especUlly  by 
Jnntaeeat,  Typhaefat,  Sparganiaaiu,  wbiuli  wvre  od  tlint  aocouut  fonnerlj  rrgmlal 
as  the  nearest  ftllies  to  the  Grasses ;  ths  strQuture  of  their  flowers,  however,  li 
aasigned  them  toanDthor  positioD  in  the  Bjatemordaisiticatioii,  OF  tha  two  fsmili 
now  ronning  this  order,  the  CyjKTaeeae  have  sulTerad  less  reduction  in  the  Btructi 
of  their  flowers  than  the  Oramineat.  The  Utter  do  not  appear  t«  havp  lieen  derintf 
fruin  the  Cyperatrxie  by  a  oontiiiued  procom  of  TediLcttiin  ;  on  the  contraiy,  l»tt 
t'liperaoeae  and  Qraiaiaeae  constitute  independent  branches  of  a  no  longer 
aneeatral  stock. 

Family  Cyporaceae.- — Flowers  usually  DICLINOUS,  naked  or  with 
reduced  perigone;  ovary  m-  or  TitlMEROUS  with  ANATR0POL"S  ovuli 
Pericarp  not  adherent  to  the  seed  ;  embiyo  wrTHOirr  sciJTEtXtni, 
and  KNCLOSRD  IN  ENDOSPERM.  Herbs  with  triangular  axes,  u  ' 
NOT  HOLLOW,  rarely  segmented  into  interiiodes ;  leaves  often  thr« 
ranked,  with  closed  leaf-sheatha,  and  either  with  or  without 
reduced  ligule.  Inflorescences  of  varying  character,  usually  wiruoirt 
bracteoles  (Fig,  417). 

The  Ci/peraanf  are,  for  the  most  part,  perennial  herbs  with  pr* 
fusely  branched  rhizomes  and  stiff  or  hard,  sharp-edged  leaves.  Tl 
rhizome  gives  rise  to  tufts  of  sterile  leaves,  together  with  fertfll 
shoots,  which,  according  as  the  branches  of  the  rhizome  are  long 
short,  cover  extended  areas  or  form  isolated  groups.  At  the  Wso 
the  fertile  shoots  the  internodes  arc  short,  while  the  whole  uj^mC 
portion  of  the  shoot  consists  of  but  one  internode,  which  is  groati] 
elongated  and  bears  the  infloi-escence.  The  inflorescences  are  varioustj 
constructed,  sometimes  a  simple  spike,  sometimes  compound,  cunsistin^ 
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of  spikelets  iinit«d  into  spikes,  beads  or  paiiiclos.  Subtending  bmcte 
(glumes)  are  present  in  all  inflorescences ;  sterile  bracteoles  only  in  a. 
few  genem.  The  flowers  are  in  most  cases  moncecious,  both  sexes 
being  united  in  the  same  spike  or  occurring  on  difl"ereiit  spikes. 


Eli-REaesTiTivK  Svo-FAMiLiKa  ASD  Geseha.— [l}5eifjwirf«M.     Tin 
niaphrodite,  oft»n  with  i«rignne.     b'eirpvi,  Cypenti,  Eriopiumini,  with  ■ 
coniutjng  or  bristlet  which,  &rter  the  matoritf  of  the  flower,  grow  ont 
2  N 


hairs.     (2]  Cnricauie'te.      Flowers   imiaoxuul,   nlways   anked  ;  the  I'enials  • 
envoloi.itig,  tuhiiUr  Bubtandiug  bract  (ntriciJas).     Cnrex. 

Gkdrkai'UIcal  DiisTntBUTios. — The  Cffiienicait  or  Sed^  Family  ^re  rcpresentad 
throughout  the  world,  growing  fi-wjuently  in  dunp  meadows,  iii  uiarHhea,  ami  «"  __^^ 
the  margins  ot  streanis.  They  are  worthless  as  fodder  plants  od  account  of  Ihcil 
hani  leaves.  The  genus  Carer  is  tlie  roost  common  and  comprises  tlic  j 
nnmlier  of  species.  The  family  contains  no  plants  of  economic  ralue.  The  paiiyrav 
usrd  by  the  ancient  Egyptians  was  mailo  of  lliiu  strips  of  the  Hmi  ptth  of  fyprrM 
Papyrui. 

Family   Gramfneae. — Flowers    uuually   HERMAPHRODITE,    naked: 
ovary  monomerons,  with  a  slightly  CampylotRoPOUS  ovule  ;  pericarfi 
ADHERiiST  to  the  seed  ;  embryo  with   scr.TEL^ 

LUM,  LATERALLY  IN  CONTACT  WITH   THE    EXDO- 

SPtRM  IlerlM,  rarely  shrubs  or  trees  ; 
wnth  HOLLOW  internodes.  Leaves  two-rankei 
having  usually  a  Hgule  and  aii  open  sheatli 
with  a  node-like  thickening  at  the  base. 
tlorescenceB  compouniJ,  consisting  of  spikeleta 
aggregated  in  spikes  or  panicles  ;  bracTEOLI 

Fio    «l8-Flor.l   awgnm   of    PRE.SL\T  (Fig8.   418-425). 

the     niuirMt  (( t«i)  iu  The  Gmmtneoc  or  true  Grasses  are   for  ths 

U.Mil'uwiihi'ioiSiMiHa  re  ""**'  P"*^  perennial  herbs,  with  a  profusely 
prM«iii>rri«onoi«y».  Tin-  branched  rhizome  creeping  horizontally  in  ths 
■bwint  memtwni  »™  reprs.  goi]_  and  giving  rise  to  sterile  shoots  in  tli4 
""       '  "■  form  of  tufts  oC  leaves,  and  also  to  fertile  shoot^ 

which  are  usually  unbranohed  but  provided  with  leaves,  and  divide 
throughout  their  whole  length  into  internodes.  The  aniiniil  species  a 
GriiininiiK  are  not  so  numerous ;  they  do  not  have  rhizomes  nor  form  tbfl. 
sterile  tufts  ;  shrub-  or  tree-like  forms  are  still 
leas  frequent.  A  memliranoua  ligule  is  alwiiys 
developed  at  the  junction  of  the  lamina  with 
the  leaf-aheath  (Fig.  420,  I).  The  inflores- 
cences of  the  Chmiiineiie  in  their  entirety  are 
spike-,  raceme-,  or  panicle-like  in  character,  and 
are  always  composed  of  an  aggregation  of 
secondary  inflorescences  or  SPIKELETS  (Fig. 
419).  Each  apikelet  usually  bears  several 
flowers,  and  also  a  number  of  bracts  arranged 
in  two  rows.  The  two  lower  bracts,  less 
I'retjuently  the  three  lower  of  each  spikelet,  are 
sterile,  and  arc  known  as  glumhs.  These  are 
followed  by  a  varying  number  of  fertile  bracts  ""J'^'^H,",'^t^'!^ 
subtending  flowers,  and  termed  INFKRIOR  p,  Th»  Kiiimw;  p, 
PALE.5,  sometimes  also  called  flowering  glumes.  "■'  ".''"J'™  ^ 
The   inferior   or  outer   [talen;  are  often  pro-  '*' '    ""     '' 

longed  into  awns.     Immediately  below  the  flower  the  ahott  ] 


V 


*" 
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stalk  bears  a  bracteole  or  superior  palea,  which  is  always  devoid  'of 
an  awn  (Fig.  421,  B),  and  two  scales,  the  LODICULEs  (C).  Tlie 
lodicules  are  sometimes  regarded  as  a  reduced  perigone,  but  are  more 
probably  two  halves  of  another  deeply  divided  hypsophyll.  At  the 
time  of  flowering  the  lodicules  become  swollen,  and  by  forcing  apart 


wtmnx  al  thf  h>»v  it 


tr<mt  Biul  Ihtf  m|i"r1or  palBii 
rair,  ImUtml  (  <  Ifl:  U.  ovii 
with  U»i  •rTrml  lUtk  of  one 


Mich  tiro  open 
IK  tli«  two  lorilfrulf*  ill 
lilnillx  II):  c;ilcKli- 


the  palea:  and  glumes  they  bring  about  the  opening  of  the  fiowers. 
All  the  axial  portioos  of  the  spikeleta  are  short,  so  that  the  bracta, 
packed  one  immediately  over  the  other,  are  only  partially  visible. 

The  androtcium  consists  usually  of  three  stamens,  each  with  a  large 
elongated  anther  atlaclied  below  the  middle  to  the  apex  of  the  slender 


filament  The  ovary  has  two,  rarely  three,  branching  stigmns  sitiuite 
either  directly  upon  the  ovary  itself,  or  borae  on  a,  short  style  (Figt 
421,  B).  The  pericarp  ib  traversed  by  a  longitudinal  groove  ;  it  i 
leathery,  and  assumes  the  functions  usually  performed  by  the  seed 
coat,  which  Is  thin  and  adherent  to  it.  In  many  cases  (e.ff.  in  moi 
species  of  Barley)  the  pericarp  and  palafe  also  adhere. 
tion  a  shield-like  apiwndage  of  the  cotyledon,  the  scutellum,  i 
within  the  seed  and  absorbs  the  endosperm  (Fig.  422). 

SwB  F\M1L  E3  (after  Ha  ^EL)  avd  Repbesevtati^ b  Gexbra  — (1)  Mage 
Zm     (Z)  A  idropogoncat   Imcchanim     (3)  Panuxae  Pantn  a,  Si<larta      {4}  Orj/ttati 
Or  ra.     (5    PkalaT-vUae    Anthora^ 
hun  (6)     Agrostidear       BpiLeleH 

stalked  bearing  one  flower  and  i»< 
glumes  PhJei  n  and  Ali^iietina, 
t  th  Hpikelets  aggregated  in  cpU» 
1  ke  nllo  'escences  Irfrtatta  wiM 
)ia  ciilate  nHorescence*  iDfenM 
)iaW  luuallj  praloDged  into  M 
awn  6  lanagnatu  with  mfctMi 
palen>  ha  ry  and  awned  (  ]  ^i> 
ic  t  spikelets  two-flowered  inlnMf 
paleie  flborter  than  the  ^Itil 
kneed,  ^ivno,  Bpikelets  in  pwiielc^ 
fruit  hairy  ;  Aira ;  Hoiriit.  (^' 
QMoridau,  Oynodon.  (9)  Fetlua^ 
BiukelBta  l»o-  to  rotir-flower«l,  I 
|janicles  or  racemes  ;  inrerior  piim 
loQger  tli&u  the  glumes,  witll  • 
without  avns  ;  Fhragmiteg,  llelkaJ 
'  BriM,  D'Klylit,  Pva,  Brtnnu*.  (l(| 
Hordftu,  qukcleta  one  or  >«l((li 
I  flowered,  situated  in  two  rowi,  ii 
:  dcpresaioDs  of  the  main  floral  va^ 
•  and  farming  a  coin|Kinud  >pilM 
'  Lulium,  Seeate,  spikeletn  solitaij  ii 
the  depreBsioiu  of  the  «  ' 
awI'Shaped  and  uninerved  ;  THtkum,  similar  to  Secalr,  but  with  oi-ntv,  thra-  I 
many-Derved  glumos.  BonUvm  hean  several  spikelets  on  each  segment  of  tim  mdii 
spikeleta  aingie-flowored.     (11)  BambuMoe,  ahnilu  and  trees  ;  Bambuaa. 

Oeoorj^i'Bicai.  DiBraiBUTioN.-— Like  the  Cyperaeeae,  the  OTaminea4  are  widefe 
distributed  over  the  whole  world.     They  appear  in  the  most  varied  aitUBtioD^  ll 
partivular  in  meadows  and   tields,   of  which  they  form   the  principal  vc^tatioK 
Among  tlie  most  important  meadow-grasses  the  fallowing  ma;  W  mentiotied : 
praien*ii.  Common  Meadow  Gross  or  Kentiiaky  Blue  Graaa ;  Agrottit  vnigartM,  B 
top ;  Alop«cHriii  pmCfitfii,  Meadow  Foxtail ;  PhUrtait  praUiuc,  Timothj ; 
glomerata.  Orchard  Grass  ;  Briia  tiudia.  Quaking  Grass  ;  AnUioxaiU/tui 
Sweet  Vernal ;  LoUam  ptrenne.  Rye  Graas ;  Mokita  lanaiiia,  Velvet  Gm 
thcmm  elaliiu,  False  Oat  Grass  ;  Arena  piilxKeia  and  A,  JUimaeatt,  tike  1 
Grass,  etc.     The  arborescent  grasses  of  the  genus  BamhiiMi  and  its  «       ~ 
tensive  groves  in  the  Tropics,  or  the  smaller  forms  grow  iu  the  shade  of  tlM  p 


Fio.  429.— Fart 


foretta.  The  meat  iinportaDt  of  tlio  cereal  giaases  grow  in  tliu  Temperate  Zone ; 
Whekt,  Triliaim  vulgare.  with  numertms  varieties  and  rncea,  e.ff.  T.  tvrgidtm.,  T. 
rfuruni,  r. /wiontcum;  Spelt  or  German  WhMt,  T.Sprlta;  Amol  roni  or  French  rice, 
T.  dkoaum  ;  One-gr«itied  Wheit,  T.  numocoecum ;  Ryo,  Serale  ctreali ;  Bialej,  Hot- 
drum  vnlgart,  ia  wverat  varieties  sn4  races,  as  ff.  Iiexastkham,  B.  iHaicham,  etc  ; 
Oata,  Avetm  talira;  Maize,  Zea  Mais:  and  numeroaa  fodder- plants.  The  native 
condition  of  the  cereals  is  auknown,  except  in  the  cose  of  Hardcum  diiCkhMja,  tb« 


iirruimt-   (ArtfT  WoMtDio.) 

two-rowad  Barley,  which  ia  found  in  Asia,  and  Maize  which  is  of  Aioerican  origin. 
The  other  cereab  were  probably  indigenoua  to  Asia  or  Eastern  Europe.  Rice,  Onpa 
tativa  (Fig.  423),  originally  derived  from  the  East  Indies,  and  Saeduti^m  offidn- 
arnm,  Sugsr-csne  (Fig.  424),  are  cultivated  in  the  Tropics  and  mib. tropical  zones. 
The  latter  is  a  perennial  jilant  with  solid  intemoden  filled  with  parenchyma,  from 
the  cell-up  of  which  part  of  the  cane-sugar  of  commerce  is  obtained  by  ■  prooei«  o( 
evaporation  and  suhsaquunt  refining  (c/.  Beta  vulgarii).  The  Sugar-cone  is  not 
found  growing  wild ;  its  native  home  was  undoubtedly  tropical  Fjutorn  Aaia.  The 
Indian  Millet,  Ajulrofiogim  Sorghum,  and  the  different  spcciie*  of  Bambiua,  wboH 
atems  not  only  furuiuh  a  convenient  building  material,  but  their  hollow  intemodea 
•erve  also  for  hoosehold  utensils,  are  alao  chiefly  tropical. 

PoisoHOiia. — Lolium  Umuttalum,  tkorded  Darnel  (Fig.   f25),  an  annual  gra» 


r.  elongated  mflor^soenoeii  of  a  greea  ooloar.     The  bi 


■e  also  those  of  L.  Haicola,  a  weoj  only  found  growing  in  Flax  fields.  Botli 
1>e  distiugiiiahed  from  the  o 
barmloas  species  of  lA>iiiim, 
L.  furenne.  Rye  Grus,  bj 
sbaence  of  tufta  of  sterile  lesT. 

OPFlflMU- — Saecharum  < 
cinamm  (Fig.  4:^4)  yields  S 
I'FARiTM  ;  the  germinating 
of  HartUum  vtilijitrf,  UALml 
Agroftyrum  ■repena,  Contli  Grai^ 

Rhizoha  or  Badix  o&amikbl 
Tlie   storcb   derived    from    i 
seed  of  Trllicum  vu/gart  is  i 

oiEcin&l  AuvLtru  Triticl 

Order  &.   Heloblae 

Flowers  hjpogjnom 
less  frequently  epigjiiou^ 
actinomorphic,  with 
anth ;  stamrns  usualuT 
Murk  than  six  ;  carpeui 
usually  more 
THKKE,  in  hypt^ynot 
fiowera  free  ;  seeds  win 

OLT    ENDOSPERM  ; 

with  LARCK  HyPOCOTYL. 

The  Hehbiae  are  q 
or  waterplaDts,  somedi 
of  a  groBB-like  appeanna 
tsometimeB  with  bm 
leaves.  According  to  i 
mode  of  pollinatifMV 
whether  efTected  by  tfa 
ivitid,  water,  or  insects,  tl 
Fio,  425— Ml"™  f«.K&>("«.-Pon»A'ofi  perianth  is  either  small  an 

of  a  greenish  colour,  6 
large  and  differentiated  into  a  calyx  and  corolla.  The  structure  of  t]| 
flowers  may  be  regarded  as  a  modification  of  the  Monocotyledonos 
type,  resulting  phylogcnetically  from  the  splitting  of  the  stamens  aa 
carpels.     Flowers  exhibiting  reduction  also  occiir  in  this  oi-der. 

Family  Allsmaeeae.  —  Flowera  HYPOCiVNOua,  hrruai-hroditI 
with  perianth  differentiated  into  calvx  and  CORolua  ;  BUnaeas  ' 
(6  +  3)  or  more ;  carpela  free,  numerous,  sometiraea  arranged  il 
spirals.     Fruit  drj'  and  indehiscent,  rarely  a  capsule  (Fig.  <26). 


Mnubere  of  this  f&niil;  art;  fontid  i 


M  t 


s  growing  in  niiinlies  or  tluDi* 


nay  be  luentioued  Aliniui  Plaatnyn,  Water 
ir-head,  and  Bulomiu  nmbtllaius,  FlowenDg 


wttcr.  As  reprvsvntstive  8i>euie«  n 
PlHntsin,  Slu;iilnria  aiufiUi/olia,  Arr 
Kuali. 

The  smiin  fuuily  JuneaginiKenc  may  be  distingiiislisd  from  the  ])reowiiug  bj 
its  graes-like  baliit  and  calycoid 
perigooe.  It  prob*bly  reiwesentB 
the  oldest  group  of  the  ordw.  Tri- 
glnehin  jnttiatrit,  Arrow-Oroas,  is 
ft  ramiliar  enample  of  this  ritniily. 

Family  Hydrocharltaeeae. 
— Flowers  EPlGVSurs,  uBiially 
TNISEXUAL;  perianth  consist- 
ing of  both  CALYX  and 
COROLLA,  or  the  latter  may  be  ffi 
suppressed  ;  stamens  three  to 

"^  I      .L  Fin.  -IM fi'aWarUi  mtnUifi'lii'.    a,  Flfjwer:  b,  fruit 

many;    ovary    of    three    or       .ft..n„J.i„,i«rtl,f th^^ryfi..   (M.g„tflod.) 

more    carpels.       Frait     with 

irregular  dehiscence,  commonly  many-seed&d. 

The  SydroehaTitaeeae  are  water-plauts  occarring  in  frcBh  water  in  all  zones,  aud 
in  th«  tropical  seas.  The;  are  usoftlly  aubniCTged,  or  at  the  most  projmtitig  their 
inflorescenceg  above  the  water,  rarely  freely  (liMtillg  on  its  surface.  The  German 
Flora  jKHsesses  only  two  native  «peci«s^ff^r(irArtri»  morntt  ronoe,  Frog'a.Bil, 
HoiliDg  on  the  surfdce  of  ]iouds  with  ronndlv  cordate  leaves,  and  'UraliaW  aloidtt, 
Waliir  Soldier  whose  sword- 
shaped  spiny  leaves,  to- 
gether with  the  female  in- 
Horescences  appear  above  the 
Bnrfaci-  of  tliu  water  only  to 
lituinie  agiin  auhnierged 
after  ferCiliaatiou.  Eliflra 
canndrntU,  the  widely  distri- 
hut>9d  Water  Pest  introduced 
into  Euroiw  from  North 
America  about  fifty  years 
ajfo  11  rtpresenl«l  only  by 
ft  malt-  plants 

Family  Potamogeto- 
naceae. — Flowers  iivpti- 
uYNOvs,  unisexual,  or 
hermaphrodite,     usually 

NAKED  or  with  RKDCCKD, 
:    CAl.y<;01I>  PKRIGONR  ; 

'  androecium  uid  the 
apocarpons  gynceciiim 
ONK-  TO  F' it'R-MKRoi's.  Kipt;  car|>elB  drupaceous,  one-seeded  (Fig. 
427). 

jid  xiniplc  straeturc  exhibited  by  the  flowen. 


t,  .tlaunini 


it  of  the  great  rcductio 


p 


tLe  eyetenuitic  position  of  the  Potamogelonacau  U  diOicult  tc 
&mily  conaista  or  water-plantB  whose  le&Tes  are  UBUBJJy  aarrow  and  aubmerge^l 
while  the  infloteacences  sometimes  rise  above  the  surface  of  the  water,  sonutii 
remain  oontiiiually  sDbmergMl.  The  iluwers,  always  small  and  inconspicuotu, 
PDllinated  by  the  wind  or  water.  The  members  of  this  bmily  coastitnte  a  chiaf 
part  of  the  Iresh  -  water  flora  of  all  zonea.  Potamogtlon,  Pond  -  we«d, 
Zanniehillia,  Uorucd  Pond-wocd,  are  btniliar  liesh-water  genera.  Some  a^nam 
are  found  in  salt  water,  where  they  cover  extended  areas  in  the  ncigbbonrhood  Of 
the  coast  with  a  Bnbmerged  regetation,  e.g.  ZoXera  marina,  Groes-Wrack 
grass,  found  in  salt  water  throughout  all  zones.  It  is  used  for  stulBog  cushiony 
etc.,  and  is  the  only  |>laut  of  eeouomic  value  in  the  whole  order. 

The  small  family  Najaiiiuxae  [Dowers  diclinous,  one  stamen,  oite  ovary)  ii 
closely  related  to  the  preceding,  which  it  resembles  in  appearance  and  haUL 
Nojaa  major  may  serve  as  an  example. 

The  Triuridacitte  are  a  small  tropical  faniity  of  terrestrial  plants,  all  of  wtuflk 
are  saprophytes  and  devoid  of  chlorophyll.  In  structure  their  flowen  resembla 
those  of  the  AtittiuKcae. 

Order  6.  Scltamineae 

Flowora  efigynous,  zygomorphic  or  asymmetrical;  andrwcii 
REDUCED,  often  PARTLY  PETALOiD  J  ovarj  Usually  TRILOVULAR ;  eeedg 
with  peri  ape  nn. 

The  Scitamineae  are  herbs,  usually  with  perennial  rhizomes  and 
with  large  pinnately -veined  leaves,  which  may  he  narrow  or  elliptical. 
The  flowers  are  adapted  to  insect-pollination;  the  perianth 
in  Bome  cases  differentiated  into  a  calyx  and  corolla,  or  developed; 
as  a,  corollftceous  j>erigone.  The  structure  of  the  andrcecium 
especially  characteristic.  Although  in  certain  cases  {e.g.  in  thg 
flowers  of  the  Banana)  it  differs  from  the  regular  type  merely  in  lh« 
al>sence  or  staminodial  development  of  the  posterior  stamen,  f 
majority  of  the  Sdlomiimit  only  one  fertile  stamen  is  present,  Tho 
other  members  of  the  androecium  are  then  either  suppressed  or  they 
assume  the  form  of  petaloid  ST.unKCiDiA,  which  give  the  flowers  & 
^  distinctive  shape  and  appearance  (Figs,  429  C^ 

430).     The  fruit    is   variously   developed    and 
furnishes  no  characteristic  features. 

Family  Jtumceat,  —  Flowers  Evouuottpiiic,  wilb 
VIVE  FEBTiLK  Htamens.  Tropical  herbs,  urboreemnt  fs 
appearsBco,    rarely  true   treos,   with   enorttiuusly    li 

The  Baoaua  (Muia  sapietUitm  and  Mvta  paratlisiam} 

fta.  AX.—Ztiigi'ieracfat.    is  largely  caltivBtHi  in  all  tropical  countries  for  Ibe     ~ 
FJaal  ilagam  (Xingiltr).       of  its  edible  baccate  fruit. 

Family  Zlnglberaceae. — Flowers  zygomorpric  ;  thk   fostebiok 

STAMEN      OF    THK     INKKU     WHORL     ALO.VK      FERTILE,     AND       THE     TWO. 
LATERAL,    INNER     STAMENS     CONNATE     AND     TRANSFORMED      INTO 
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TONGUE-SHAPED  LKAF,   THE  LA£FU.CH ;   the  outer  whorl  of  Stamens 
stamiDodial  or  absent  (Figs,  42S,  429). 

The  members  of  this  family  are  herbs,  with  rhizomes  which  contain 
an  ethereal  oil  in  special  oil-cells,  gii'ing  them  a  penetrating  aroma. 
The   (lowers  are  aggregated    in   inflorescences  of  various  types,  and 


are  usually  lai^e  and  highly  coloured.  The  splendour  of  their 
appearance  in  due  to  tlie  prominent  position  taken  by  the  labellum 
(Fig.  429,  B,  C),  which  is  considerably  larger  than  the  leaves  of 
the  perianth.  Although  thu  stamens  of  the  outer  whorl  are  usually 
wanting  or  have  the  form  of  inconspicuous  staminodia,  in  less 
L     frefiuent  cases   they   are   also  represented   by   petaloid    staminodia 


berry.     The  i 


The  fniit  ia  a.  three -valved  capBule,  rarely  t 
provided  with  an  ai-i!. 

Gbographioal  DiSTarBi'Tios.— The  membors  of  thp  Zingibfraesat 
tropical.  Tli«y  are  rvpr«iient«l  by  nuiuarons  species  And  iadividuaJs 
toieeta  of  South  ABi&,  which  they  boautify  by  th«ir  magnificent  flovm 
foliage.  Freiiiieutly  (Alpiaia  sptaies)  tile  iulloresccnceB  aprlng  directly  from 
rhUoine  and  spread  like  radiatiug  Btars  over  the  grouud,  or  are  poised 
red  cluBters  between  the  two-ranked  leaves  of  the  vegetative  alioots. 
coaea  the  inflorescences  are  spikes  terminating  the  vegetative  ahoots. 
apeciea  ore  cultivated  iu  hot-houses  as  decorative  plants,  others  are  valuablt 
their  aromatic  ]>ropertie8,  e.g.  ginger,  cardamoni. 

Officinal. — Zingiber  offieinaU  (East  Indies,  Fig.  429)  supplies  BauoU 
ZfN<iiBBRis ;  Curcunui  Zrdaa-ria  (Bast  lndi«a),  Rnu.  Zedoa-RIAB  ;  Alpimf 
affieiTtarum  (from  the  island  of  Hainan,  Chins),  Rhiz.  Galasoak  ;  SltOam 
Uartlamomum  (Bast  Indies),  Fsrcrra  Caudavoki. 

Faniilj-  CuiiULO«ft«. — Flowers  ahyumbtkical  ;  the  fostbiiior,  tsxtLH  stasd 

,F  (MOSOTHEVlOrs)  ANTHRm  TM 
B  PBTALOIft  ;  TIIF.  TWO  LATEUl. 
IIXILAH.1. 
AS  STAMlKODlA  (wing  &tid  large  nflcKJ 
labellum) ;  the  outer  stauuena  stamiaaliit 
or  absent.  Fruit  a  makv-seei)ed  capak 
Embryo  atrajionB  [Fig.  430). 

Perennial  herbs  prodticed  from  rhinan 
with  large  lanceolate  leaves  and  tammi 
spiked  infjorescencea.  The  oHrnitnetfy  of  Ih 
flower  is  due  to  the  peculiaj'  developnwrt  it 
tlio  andnecium,  and  in  i>articii]iu-  to  the  laU 
luni.  In  this  family  the  labelluui  coiudstirf 
a  single  staminodium,  and  not,  as  in  tb 
Zin-jilmiuiu,  of  two  connate  staminodi*. 

GK(h;KAPHICAL  DiSTBIBrTlUN.    —  T^t 

spruit's  uf  Canna,  the  only  genus,  gram  aiU 
iu  tlip  fields  of  tropical  Amorica  ;  uuuij  oi 
cultivated  ax  ornamental  plants. 

Family  MaranlMsa*. — Flowprs  astmieD' 
H  sTAitEX  Atau 

KltlX      A      HtU 

3l!B)    ANTHER,     TBK     OTBlUt   tOt 

;     STAKIHODIAL;     THE     two      LATKBAI,     ISHU 

;  MT AH E\g DEVELOPED  DISSIUILAULT,  ASfT.lSl 
•i|-a,  the  other  BtBinlUDdla :  u.  [ertlls  noDIa  1  the  outer  Btamena  stMiniiuidial  * 
alatmin  :  (f.  stylp,    (J  n«t.  siie.)  absent-      Fruit  with  ONE  To  thbkb  teoU  a 

each  lociilus.  Embryo  cainpylotrnnon*. 
The  MaraiUamae  are  niediiun-siaed,  or  more  frequently  small  hcrti*  "ill 
]ieremiial  rhizomes.  They  always  have  stalked  leaves,  which  are  dUtihgniiM 
Irom  those  of  other  Scifaniintae  by  a  joint-like  swelling  of  the  stalk  belo*  ^ 
lamina.  The  flowera,  in  contrast  to  those  of  the  other  (unilies  of  this  alliav*, 
are  often  small  and  insignifloant,  usually  white.  In  structure  they  differ  tnm  Ih 
flowers  of  the  various  species  of  Canna  only  in  the  form  of  the  inner 


<i  (rWljloni. 
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of  which  the  one  cotreiponding  to  the  labellum  is  dcrelopod  u  a.  aatW  luisshapeu 
hood.  Many  species  am  cultivated  in  consarvatories,  cliietlj  Tor  the  soke  of  their 
bright'Coloured  foliage. 

GEOUitAPHU'AL  DiSTKiBUTios.  —  The  Maranliiecat  grow  [irincipally  in  the 
tTOliical  regions  of  America. 

Ol'FlciSAL.— The  rhiOTrae  oT  Miifnita  uruiudiuierii  (West  ludies)  yields  arrow- 
root, AHVLm  Harastae. 

Order  7,  Gynandrae 

Flowers  KP1GYNUTJ8,  herranphi-odite,  ZYGUMORPHIC  ;  perigone 
corolloceous  j  iindrwciuiii  HEDUCED  Rl  THE  THREK  ANTKRIOR 
MRUBKRK,  consisting  usually  of  one  fertile  etameri  and  two  staminodia, 

ADHERRNT   TO   THE   HTVLE    AND    FORMING    A    COLUMN  ;      OVary    Usually 

UNILOCULAR,  with  parietal  placentation  ;  fruit,  a  capsule ;  seeds  KX- 
TEKIUNGLT  NUMEROUS  AND  SMALi,  Without  albumtn  ;   embryo  UN- 

.SEGMENTKII. 

Family  Orchldaceae. — Characteristics  the  same  as  for  the  order 
(Figs.  431-t3fi), 

The  Orchids  ai-e  all  lierbs ;  they  vary  greatly  in  external  appear- 
ance and  have  racemose,  usually  spike-like  inflorescences.  The  flowers 
aru  almost  always  pollinated  by  insects,  and  to 
rhisend  have  developed  the  most  complicated 
contrivances.  The  corollaceous  perigone  ex- 
hibits endless  variation.  The  posterior  leaf 
of  the  inner  wliorl  is  often  esjiecially  charac- 
teriseii  by  its  size,  form,  and  colour;  like 
tlie  similar  but  not  homologous  staminodinl 
oi'gan  of  the  Zingibcriifm',  it  is  termed  a 
LAUKLLL'M  ;  il  is  frequently  drawn  out  below 

iiiU.  a  sac-shaped  cavity  or  spur  (Fig.  432,  ''"'■  "^^^TvmZ).  "*""' 
a,  /).      In    its    rudimentary    condition    the 

labellum  is  uppermost,  but,  as  a  nile,  it  acquires  ultimately  an 
ant«i'ior  position  in  consequence  of  tiie  torsion  of  ISO"  suflTered  by 
the  inferior  ovarj',  or  as  a  result  of  the  tilting  over  of  the  whole 
flower.  In  the  andnecium  only  the  anterior  stamen  of  the  outer 
whorl  and  the  two  lateral  members  of  the  inner  whorl  are  developed ; 
these  two  lateral  members  are  usually  transformed  into  sterile,  lobed, 
or  tooth-like  prorainencea  (b,  //),  while  the  central  stamen  alone  is  fertile 
and  bears  an  anther  {e.g.  Qre/ih) ;  less  frequently,  the  central  of  the 
three  staminal  members  of  the  androecium  is  sterile,  while  the  two 
lateral  are  fertile  {tV/(ri^Wi«ift,  Lady's  Slipper).  The  gynostkmium  fb) 
formed  by  the  union  of  the  stamens  with  the  tips  of  the  carpels  is 
sometimes  developed  as  a  column  ;  sometimes,  us  in  (hrhu,  it  is  short 
and  iMirely  elevated  above  the  receptacle.  It  bears  at  its  apex  tlie 
stigma  and  the  anther,  or  a  |>air  of  anthers  as  the  case  may  be.  The 
pollen  is  rarely  [>owdery,  fonsiatiiij;  of  separate  grains  {f.g.  Ci/jirijvliiim). 


BOTANY 


substance  into  a  club-shaped  i 


;heca  are  usually 

laa  or  pollinium  (e),  attached  above 

or  below  to  a  mucilaginous  lilameni 

termed  tlie  caudicle  (e,  r).     In  * 

few  oases  several  puUitiia  are  present. 

The    three-lobed    stigma    (b,    A)  is 

Bituated  directly  below   the  anther. 

The    two   lateral    lobes    are   always 

Lf    normally  developed  and  destined  to 

f-ji    receive  the  pollen,  while  the  aiiteriat 

lobe  has   frequently  the    form  of  a 

l)0uch-ahai)ed    beak   or    ROSTELLni 

(b,  /),  in  which   one    or    two  email 

niasscB  of  sticky    mucilage    (y),   the 

GLASDL'L.^  (retiuiicula),    are    foi 

by  the  disorganisation  of  the  tit 

To     these     sticky     glandulte 

attached    the    caudicles    with    thi 

pollinia.     The  whole    sti-ucturol 

velopmcnt  of  the  (lower  repi 

all  adaptation  to  iiisect^poUiual 

When  an  insect  inserts  its  prol 

)  in  the  nectaries  of  the   liibellum, 

'  glandiiln  with  their  stalked   polli 

_   _  ;  become  glued  to  it,  and    the  {wlh 

irputof  ia  thus  applied  to  the   next  flower 

u.  ™«M]nm*   ^'^''^    ^y    ^^^    insect.       Similarlr, 

u  o'"poiiinfBin  [  <,,'  by  inserting  a  pointed   instrumew 

^iuiukTp,«umiii«!iiim.  0,  A  pqiiinioin :  in   the  Spur,  a  lead-pencil   for  «■ 

;™'l\wu.'\'!;Ii.™'BEtt.^m™'™T',)'  ^nip'^'  ^^'^   poninia.    will    br   fowrf 

attached  to   it  on    its   withdm»«l 

The  capsule  ia  often  leathery,  and  in  dehiscing  splits  into  six  valrca 

The  embryo  is  usually  spherical  and  exhibits  no  difiereotiauon  into 

hypocotyl  and  cotyledon. 

Manj  of  the  indigcuoua  apecieg  bare  underground  tubers  tt.g.  OrtAity.  At* 
rule,  two  tnbera  are  2>i'cseat,  fomied  by  the  union  or  Beveral  roots  ;  •cconlllif  k 
the  CDoleBcencp  is  more  or  loss  complete,  thoy  bto  ox-atu  and  smooth  (Kig.  tSi).  > 
I«lmate!f  divided  (Pig.  433).  Ooe  of  the  tubera,  the  older  mother- tubvr,  in  dirt- 
oolouTpd  and  flaccid  ;  it  bears  the  floral  shoot  and  afterward  dies.  The  oilier,  li> 
dauglit«r-tuber,  is  lirmer,  lighteT-coloured,  aod  provided  nith  lui  njncal  bnd.  ll 
remains  dormant  in  the  soil  OTer  winter,  and  in  tlie  succeeding  Hjuriug  sirvi  ro 
to  au  aerial  shoot,  and  then,  >ner  producing  u  new  duaghtrr-tubor,  wtcinins  t> 
turn  the  structure  and  appearance  of  u,  motber-tnber  iu  coiuequonce  of  tlii>  PihaW 
tlon  or  the  accumulated  reserve  material  of  its  cella. 

Bub-Fahileed  AKn  Represektateve  Geheba.— (1)  DianJrae, 
three)  fertile  stamens.  All  three  stigmatic  lobes  susceptible  o 
Cypripcdivm.     (2)  MowxiviTae.     One  fertile  Etamen.     Of  the  three  Btigmatic  Mm 


Fluwemfter  lemnvil  of  aU  uf  Uw  perlgone 
Ihtm  with  gxcaptlDn  at  tiw  dj 
tbe  labellum :  *,  itiifiiui ;  I,  m 
VnOM'kt  pmlnn^tloii  of  tbs 


Two  (notjf 


one  coDtinueH  rudimentary 
labelliun  i  Ophrgf,  witliout 


TOstellum,      Ordtii,  wilh   apDrred 
:ii<:mliling  an  IdsgcI  ;  both  genera, 


Fm.  *«.— BooMyiitBm  or  Orr*li  laiifiHa, 
Bkh  ot  nem  ;  i.  caUphylluy  In^ ;  e 
f  youiiK  Xatmt ;  h,  bud :  r,  rooW. 


>,  1" 


humus  plants,  either  poor  In  chlorophjU  or  wholly  devoid  of  it.     Vanilla  [we 

undi-r  OJicinal). 

GKOQHAfHiCAL  DiBTRisuTioN.— Tliis  family  inhabit*  cbiefl;  the  Tropics,  where 
thouaanda  of  its  sprciea  are  found  growing  aa  epipbytea  Dpon  treea.  Tbc  roota  of 
•och  epiphytes  (Fig.  435)  atUcb  tljemsclves  to  ths  bark  and  are  cnvelujiad  by  a 
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velaniea  (p.  42),  which  greedilif  atKiorbs  wu.tcr  ;  while,  in  many  cases,  the  «U 
are  tnberously  awollen  and  9«rt-e  u  irater-reaervoin,  accamulBting  water  in  tl 
cells  and  transmitting  it  to  the  leaves  in  dry  weather.  Terr«8tri»l  Orchid*,  on  i 
other  hand,  are  more  numeroua  outside  of  the  tropical  Kone,  |-arCiciilu1j  in  i 
drier  regioaB  of  Southern  Africa  and  the  couutrien  sdjoiuing  the  Blpdilcmna 
whiuh  ore  especially  charocteriaed  by  the  proFusiaD  uf  their  tuberous  uid  bulb 
plants  (e/.  Liliaceac). 

Ori'luiNAl..~'The  unripe  fruit  of  I'a-niUa,  ptani/otia  (Fig.  436)  is  the  offidi 
Frcctus  Vavillae.  Tile  Vauilla  is  iudigeaoiia  ta  Mexico,  but  ia  notr  cni 
Tated  in  all  tropical  countries.  It  climbs  by  means  of  its  aerial  root!,  lik*  1 
Ivy.  The  ovate,  not  the  divided,  tubers  of  several  apeoies  of  Orchia  and  alt 
plants  found  in  Europe  and  Aeiq  Minor  are  used  u  Salep,  Tvbera  Sai^p. 

The  aoiall,  wholly  tropical  family  Burnianniaaiie  foruts  u  connecting  li 
between  the  Gynamdrae  and  the  AmaryUidaerat  and  other  epigyiious  LUiiJlar 
In  cnmmou  with  the  latter,  its  Sowers  have  usually  an  actinoniorpllic  jwriaulfa  ■ 
a  IVee  andrtscium  with  botli  whorls  prcaoDt  or  with  one  whorl  siipprccsed.  1 
zygomorphism  of  muny  forms,  tlie  often  unilocular  ovary,  the  vr?ry  nuusFOua  * 
sniall  seeds  with  unaegnieutcd  embryos,  indicate  on  tlie  other  hand  a  ralationil 
with  the  Orchids. 

Sub-Class  II 

Dicotyledones 

Flowers  generally  constructed  after  iho  festamkrous,  peni 
cyclic  type.  Seeds  with  or  without  albumen ;  embrj-o  with  Tt 
COTYLEDON'S.  Herba  and  vr< 
p!unts  with  open  vasodi 
bundles  exhibiting,  in  cro8»«M 
tions  of  the  Btems,  a  CIRCTU 
arrangement,  and  also  alrool 
always  with  a  cambium  wfaia 
intersects  the  bundles  (Fig.  43^ 
Leaves  usually  with  REncouiT 
VENATIiJN  (Fig.  43tf). 

The  seeds  are  variously  ca 
structed,  sometimes  with,  soraj 
times  without  albumen.  Ti 
embryo  may  be  lai-ge  or  biobII 
in  some  parasites  and 
phyles  it  is  unsegmented,  1 
otherwise  it  ia  diffi-rentiated  inl 
radicle,  hypocotyl,  and  two  cotf. 
ledons.  Ou  germination,  the  cotyledons  remain  in  some  cases  enclu«ei 
within  the  seed,  in  others  they  become  green  and  unfold  above  thi 
Biuface  of  the  sod. 

The  primary  root  is  usually  retained,  and  may  be  distin^uiahMl 
from  the  lateral  roots  by  its  larger  size  and  mitre  vertical  gro\rtb. 


■IrtlTufeickicl  Hi}An  (r/  J,.  lOP). 
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The  stem  of  most  Dicotyledons  is  more  or  less  profusely  branched. 
(For  an  account  of  the  arrangement  (Fig.  437)  of  the  vascular  bundles 
and  of  their  structure,  «/.  pp,  117  and  1 02,  The  secondary  thickening 
is  described  on  p.  120.) 

The  leaves  are  altomate  or  whorled,  in  the  former  case  assuming 
various  arrangements.  They  often  have  stipules,  but  rarely  leaf- 
aheatha.  The  lamina  is  simple  or  compound,  entire  or  more  or  less 
irregular  in  outline. 

In  the  majtirity  of  cases  the  structure  of  the  flowers  may  be 
referred  to  the  PENtauYi.'LIC,  pentamerous  type,  although  flowers  with 
whorls,  consisting  of  two  to  six  or 
more  members,  also  occur.  When 
more  than  five  members  are  present 
in  a  whorl  the  modification  of  the 
normal  structure  is  usually  due  to  • 

splitting ;  when  less  than  five,  t<' 
suppression ,  There  are  also  sonic 
flowers    which     normally    have    less  1 

than  five  members  in  the  floral 
whorls.  The  median  sepal,  with  few 
exceptions  (Pupil imuiceiif,  Li^iHviemf), 
occupies  a  posterior  position.  In 
the  most  simply  constructed  Dicoty- 
ledonous flowers  {AtixiUaeeat)  the 
number  of  members  composing  the 
whorls  is  subject  to  variation.  8uch 
a  condition  does  not  result  from  a 
modification  of  flowers  of  the  pen- 
tamerous type  occurring  in  the 
course  of  phylogenettc  development ; 
but  it  must  be  assumed  rather  that 
the  numerical  relations  existing  be- 
tween the  parta  are  not  yet  thoroughly 
fixed. 

In  the  oldest  forms  a  corolla  is  typically  absent ;  in  the  more 
highly  developed  the  perianth  is  usually  differentiated  into  a  calyx  and 
corolla.  More  rarely,  by  the  suppression  of  one  whorl,  the  perianth  is 
simple  or  developed  as  a  double  calycoid  or  corollaceous  porigone. 

The  Dicotyledons  are  divided  into  the  two  groups,  C/i<»-ijielalae  and 
Sympdaiat. 

A.  Choripetalae 

Perianth  single  or  double,  and  then  usually  polyphyllous. 
The  group  contains  the  following  oiders :  Amenlaceof,  Urtinnm, 
Pott/ffonimtf,   Cenlroffienmie,    Fdtjairpkae,    Blioctuliiuv-,   Ciflifiirraf,   I'liisi- 


florinat-,  OpmUincif,  Vohimniferae,  GruinaUs,  Terebinihiime,  Sapindim^^ 
FrangiUinae,  Tiiymelaeinae,  Tricoccae,  Umhellifiarae,  Saxifra^nat,  Rtmfion^^ 
LcffTimiiwsae,  MijrtijUn-ae,  and  the  provisioiinl  group  of  the  Hyslnapki^l^^ 
The  first  three  orders  comprise  plants  with  simply  constructed  apetaloflfl 
HowerB,  often  typically  unisexual,  and  probahly  representing  less  highlffl 
developed  types;  while  the  group  of  the  Hi/slerojAi/la,  as  is  eviileiit^ 
from  the  parasitism  of  most  of  its  membere,  is  of  more  recent  origiiL  I 
The  sequence  in  which  the  orders  are  here  given  does  not  constitute- 1 
an  ascending  series,  and  it  has  no  reference  to  their  position  in  tba  J 
scale  of  development.  I 

Order  I.  Amentaeeae  ■ 

Flowers  hypogynous  or  epigynous,  UNlsEXirAL,  SMALL,  NAKED,  «r  J 
with  CALYCOID  PURIGONE;  the  male  in  CATKINS  (amenta,)  ;  the  femall^] 
in  inflorescences  of  a  different  character.  Number  of  stamens  vsj-iaUt^  ■ 
rarely  the  same  as  that  of  the  perigone  leaves,  Gyncecium  TWO-  TO  SU- 1 
MKRO0S.     Seeds  without  endosperm.  I 

The  Aineiiia<xae  are  all  woody  plants  with  alternate  leaves.  Hm  I 
male  inflorescences  are  characteristic  of  this  order  ;  they  have  the  form 
of  catkins,  hearing  the  small  flowers  in  the  axils  of  scale-like  bracts. 
The  female  flowers  are  sometimes  aggregated  into  catkins,  as  in  ihs 
Willow  ;  in  other  cases  into  capitate  or  spike-like  inflorescences.  Tbc 
fruit  is  usually  a  one-seeded  nut,  rarely  a  capsule  or  drni>e. 

The  diclinous  flowers,  the  absence  or  imperfect  development  of  thf 
perianth,  the  variable  number  and  often  irregular  arrangement  of  the 
parts  of  the  flower  in  the  same  or  in  allied  species,  the  almost  unifonn 
wind-pollination,  and  the  small  degree  of  modification  exhibited  by  tht 
flowers  adapted  to  pollination  by  insects,  make  it  probable  tfaat  of  aU 
the  Dicotyledons  the  Anumlacfae  differ  less  widely  from  the  primitiie 
form,  and  represent  phylogenetically  the  lowest  stage  of  development. 
That  the  primitive  character  of  the  flowers  is  not  a  result  of  reduction, 
but  of  a  low  degree  of  development,  ta  apparent  not  only  from  th* 
fact  tliat  all  indications  of  such  a  reduction  are  lacking,  but  *I« 
because  the  male  and  female  flowers  have  so  evidently  not  arisen,  Ukt 
the  unisexual  flowers  of  the  more  highly  developed  types,  from  ikbvn 
that  were  originally  hermaphrodite. 

Tlie  close  reUtiou  of  the  JmcitCaecac  to  older,  now  extinct,  types  waj  l> 
assumed  with  ccrtAinty,  if  it  should  [irovo  thut  the  Caruarinaceae  also  belonx* 
are  allied  to  this  order.  The  last-named  runUy,  an  Treub  haa  shown,  poan^a 
pecnliarities  which  distinguish  it  from  the  ADgiD9]>erms  uid  )ilac«  it  nan 
the  Ojmiioaperiiu,  or  even  the  Pteridopbytes  (e.g.  a,  multiplicity  of  vtiibaTO-*^ 
with  egg-apparatus,  the  presence  of  t,  oell-wall  iaveatiug  the  still  nnfertUiMd  (tt- 
calls.  beginning  of  the  endoepcnn  formation  before  fertOisation).  The  Caatiariim^^ 
exhibit  the  additional  peculiarity  that  tbe  pollen-tubes  do  not  •pprnwli  tk 
embryo-wo  tbrough  the  raicropjle,  but  by  penetrating  tbe  cbalaztt  (ChalaiooamiI. 
According  to  recent  investigations  some  undoubted  Wmen/oreae are  also  chaUaopmic, 
a  fact  which  iroiild  faToiiT  tbc  inclusion  of  the  Caiuarinaaae  within  tliia  vi^m. 
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The  essential  variations  exhibited  within  the  order  uro  limited  to 
the  fenmle  flowers,  which  are  sometimes  hypogynous,  sometimes 
epigyiious,  and  possess  a  septnted  or  miBeptated  ovary,  a  single  ovule 
or  a  number  of  ovules  in  difTerent  positions.  These  distinctions  are 
utilised  in  classifying  the  difTerent  families. 


Family  Sallcaceae. — Flowers  hyfooynous,  dioecious;  perianth 
absent;  Disc  oupular  or  consisting  of  scales;  ovary  dimerous,  unilocular 
WITH  NUMsnuUH  I'ARtETAL  ovLLEs  ;  truit  a  capsule ;  seeds  numerous, 
furnished  with  a  tuft  of  silky  hairs.  Trees  and  shrubs,  bearing  simple 
leaves  without  stipules,  and  amentaceous  inftoroscences  (Figs.  430,  440). 


L 
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Tbe  Poplars  [Fig.  440)  are  knemophiloua.     The  flawere,  Mcordingly,  krr  t 
tate  of  Dcutaries,  nliicii  »re   repTeaenteii   by  a  vuti-shapud   <iUc.      Tba   calkun 
3  those  of  the  Willow,  but  nitli  tooClied  or  lobed  br&cts.     The  ttvlt 
and  scedB  Mo  like  tlioge  of  the  WiUow. 

Geoijrafbicai,  DiSTBiBUTiOK.— The  Saliatctae  inlisbit  almimt  pxeluBirftlr  Ur 
temperalH  and  colder  zones,  where  they  are  ofleu  abiitniantly  rcpreftenled,  irotuti' 
tuling  an  imimrtant  p«rt  of  thn  vegetition.  They  are  especially  cliuwitcrUtk  ol 
the  low  ground  along  the  banks  of  streams,  wliere  the  more  iihrubhy  Willovi 
(S.  puryurea,  Iriundra,  riminalit,  etc.)  form  ibicket-like  gron-llis,  oFlvn  orertaiwal 
by  arborescent  iiiecies  {S.  alba,  /ragilis).  The  Weeping  Willow  (S.  babgloHiea)  ti 
iiidig«aou>  t«  th«  Ea«t. 


To  the  genus  Pvpului  belong,  among  others,  the  White  Poplivr  (P,  alta),  tlie 
BUck  Po|>I&r  (P.  nigra),  the  AB]>va  (P.  trtmula),  all  nntives  of  Europe,  and  the 
Loinb«rdy  PopW  {P.  pymiaidalii),  origiualij  iudigenoDB  to  the  East. 

OrFK-'iNAi..  —Salix  attia  and  other  species  jield  Cortex  salicib, 

Family  Cupullferae. — Flowers  epicynous,  monaecious,  with  or 
without  perigone;  disc  absent;  ovary  two- to  trbeeloculah,  with 


ingTilAoJ);  (',  vtMnimii 


ONK  TO  TWO  si'SPKNDKD  OVULES  IN  EACH  LOf.'ULUS ;  fpuit,  a  one-aeeded 
nut.  Woody  plmiW  with  simi'LK,  stipulate  leaves ;  female  infloresccnoes 
of  different  ty|)es  (Figs.  441-H7). 

The  Ciiimliferae  are  deciduous,  or,  in  the  warmer  zones,  evorgreen 
woody  plants,  with  variously  shaped,  usually  toothed  or  lolwd  leaves. 

Theae  flowers  are  small  and  inconspicuous;  tbey  are  adapted  to 
nrind-pollinatiun,  and  are  accordingly  destitute  of  any  special  means  of 


496  BOTANY 

attracting  inBecta.     The  male  Sowers  are  either  naked  or  have  a  perjgon 
conaiBting  of  four  to  six  members ;  the  female  flowers  are  variouBly  o 
Btructed.     The  presence  of  a  woody  cupitle  is  characteristic  of  i 
Ctipuliferae ;  it  conaisla  of  an   involucre   formed  of  coherent 
investing  the  whole  female  inflorescence  or  only  the  single   flovM 
and   completely  enclosing   the  wliole  infructescence  or   the    sepi 
fruits,  or  only  enveloping  them  at  the  Iwae. 

Sun-FAUiLiEB  AKu  RepKBSENTATiVE:   GENERA.  —  (1)  BttuUndeae.    Ovary 
looular  i  do  woody  eii{iule,     Setula,  Bircli ;  AInut,  Alder;  Crrrylta,   Haxel-n 
Carpinus,  HombeJuu.     (3)  Fagoideae.     Ovaiy  with  three,  rarclv  with  more  loeoK'. 
cupule  preBBnt.     Fagus,  Beech  ;  Querents,  Oak  ;  Cailaiua.  Chestnut. 

lu  the  Sceck  (Fig.   HI)  the  male  flowerB  aie  bonie  in  Email,  gluboae  catkiM 
the;  have  a  bell-shaped   Fringed  perigoae  and  numeroua  stajnena.       The 
iafloreBcence  is  aompuacd  of  two  flowera  with  n  elx-leaved  perigone  and   trimcn 
gyncecium.      Each  inflorescenue  gives  riee  to  two  threo-sided   nuts,   nliich 
invested  by  a  woody  ciipule.     The  capulo  is  covared  with  hard  bristles,  aud  wl 
ripe  splits  into  four  valves. 

In  the  Chestnut  (CaUania  Wfcn)  the  Iruit  la  also  ivtiipletely  enflowd  ii 
capule  nntil  maturity  ;  this  is  thickly  covered  with  prichles,  and  aplits  into  (■ 
valves  when  ripe. 

The  Oak  (Figs.  442,   443)  possesses  long,   slender  male  catkins  with  flowtd 
intervals,  and  capitate  or  spike-like  female  inflorescences.      Bach  fenul* 
flower  is  provided  with  a  acaly  cupnle,   «. 
ultimately  invests  the  base  of  the   aolitary 
("acorn").    Only  two  species  are  indigfoou  ■ 
Ounnany,    Q.   pedfineulaUi    and    Q.    stttilijtort, 
both  of  which  are  often  regarded  as  rarietie 
the  one  species,  Q.  rdbur.     In  the   first  nai 
the   lonros   have   abort  stalks,    and    the   Tet 
inHoreBcenoea  are  spicato  ;  in  Q.  tesnliJUym 
stalks  of  the  leaves  are  long,  whU«   the   Tta 
inlloreicenoos  ore  esjiilatc. 

The  inlloreBcences  of  the  Hazel  (e.g. 
ABcllaua,  the  common  Hazel-nut),  nnlike 
the  genvra  just  described,  are  developed  in 
.;.    ceding  year;  the  male  last  over  the  wiaho', 
<:>'   the  female  inflorescence  is  enclosed  in  n  bud 
''    J44).     In  early  spring  the  male  catkins  «t«u 
^iJl   and produceanabuudanceofdry pollen,  wbOa' 
female  inQorescences  are  distinguisliable  frfitn 
leaf-buds  only  by  their  larger  sixe  a&d 
veloped  at  the  base  by  a  sheath  of  succulent 
uaJttlaliii  (Fig.  446),  the  pylindrical  loosn  infl, 
in  the  spring.     The  nut  is  provided  with  a 
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red  stigmas.     The  nnt  is  en 

In  the  Hornbeam,  Carpin 

make  their  Hrst  appearance 

The  tnlloreBc«ncea  of  the  Alder  {e.g.  Alnut  glulinoaa,  Black  Alder  ;  A.  tnoi 
Speckled  or  Hoary  Alder),  like  tboae  of  the  Hazel,  are  developed  on  th*  bIm 
of  the  previous  year.  The  mate  are  long  and  cylindrical ;  the  female  are  un 
smalter,  ovoid  in  BhB|ie,  and  forui  cone-like  inlVuctescences  with  two  nata  at 
base  of  each  scale  (Fig.  146). 


Ill  tliv  Birch  {BciuJa  alba)  the  male  InRoresconceg  appear  in  Kutunin,  tlie  femdil 
not  until  the  fotlowing  spriog;  both  are  cylindrical  auil  mony-flowernL  TWfl 
&uitiB  winged,  uid  is  borne  in  groups  of  three  in  the  axil  of  each  bracte»1  acsle ;  thtfl 
scales  become  dctsclied  I'rom  tbe  azia  and  rail  off  together  with  the  fruit  (Pig.  447^  V 

Okoobapkioal  DisTUiBi'TioN.  —The  Cupuli/trae  constitute  the  most  im 
dflciduoae  trees  of  the  roresta  of  the  whole  itarthem  hemisphere,  l>iit  only  i> 
the  Tropics  in  the  cooler  mouutoinous  regions. 


This  family  supplies  many  plants  of  economic  value.  The  wood  of  the  Oak  i> 
portionlu'ly  valuable  od  account  of  its  hatdoess  and  demrity,  while  the  bark  is  uwd 
lor  tanning,  and  the  fruit  as  a  cheap  Hubstitiite  for  coffee.  Cork  is  obtained  fron 
tlie  Cork-Oak  (Qucrem  SKber  and  Q.  oreiilenCalia)  of  Southern  Europe.  The  wood 
of  the  Beech  ia  largely  used  for  firewood,  and  from  the  seeds,  Beech-nutu,  oil  i> 
derived.  The  seeits  of  tlie  Chestnut  are  edible,  and  form  in  the  south  or  Giunp 
an  important  article  of  food. 

Ofi'ieiSAL.— Tht-  bark  of  some  spec  ies  of  Oak,  Cobtbx  QrERccs,  ajid  thvaotnir. 
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itiuBlly.     Qurreut  iuntama-  Welib.  var.  iii/fcti 
,  viUea  stung  by  the  GaII-D;,  Cyuipsgnllue 
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jndigenoua  In  the  Eaat.  prodURR 
the  officinal  Oallae. 

Family  Jug^landaoeae. — Flowers  eptgfnouB,  moncecious,  naked  or 
with  tetrameroiis  [lerigone  ;  number  of  stameiiB  indefinite  ;  ovary  with 

two    INCOMPLBTK    UICULI,    enclosing    ONE    ERECT    OMT,E.       ArOMATR' 

IreeB,  usually  having  imparipinnate  leaves  without  stipules. 

In  Jaglans  rrgia,  the  Walnut  (Fig.  44B),  the  thick,  vyliudrical  male  catkins  are 
borne  in  the  s:sils  of  the  falleu  leaves  of  the  shoots  of  the  i>reviouB  fear ;  the  two 
bracteolea  and  the  gamophjUous,  tetrameroua  perigone  are  adherent  and  envelop 
A  varying  number  of  stametm.  The  female  flowera  are  aggregated  in  few-flowered 
ipiken  abthe  apioee  of  the  leafy  flhootn  of  the  same  year.  In  the  female  Hovers, 
AS  in  the  male,  the  leaves  of  the  perigone  are  coherent  and  united  with  the  brae- 
teoles.  The  large,  white  jApillwie  ntignias  constitute  the  moat  conspicuoiut  part 
of  tho  flowers.  The  fruit  is  a.  drupe,  and  when  ripe  it  liaa  a  brown,  irregularly 
splitting  exocarp  and  a  hard  endocarp.  The  seed,  wliicli  is  deeply  lobed  in  coO' 
aequpnce  of  the  incomplete  septation  of  the  cavity  of  the  ovary,  consiala  nf  a  thin 
aeed-coat  and  two  Urge,  oily  cotyledons  attached  to  a  short  hypocotyl. 

GBOGttAPHIcAi.  DisTMiBiTTioN. — The  Walnut  (J.  ngia)  grows  wild  in  Greece 
and  Axis  Minor.  The  othur  members  of  this  small  family  are  forest  trees  of  North 
America  and  Eastern  Asia.  The  wood  of  several  species  of  Juglandacetu,  particu- 
larly of  the  Wklnut,  is  much  used  for  furniture  and  in  cabinet  work. 

Ofktoisal.— From  Jwjlant  rcyiit  is  obtained  Foi.iA  Juqi.asdis. 

Allied  to  the  Juglamiaeeaf.  is  the  small  family  Hyrieaceat,  of  which  the  Bog- 
Jlyrtlc  or  Sweet  Gale,  Myfiea  Oalr,  growing  on  mMrs  and  along  the  vret  borders 
of  ]>and9,  is  a  Duniliar  example. 

It  has  already  been  pointed  out  that  the  Catuarinacfoe  are  probably  related  to 
the  inenibers  of  this  alliance.  This  family  cumpriaes  Ui  number  of  Australian  and 
East  Indian  treM  wliieh  somewhat  resemble  tlie  Equitcti<ctae  in  ap|iearance. 

Order  2.  Urtidnae 

Flowers  hypogynoiis,  usually  unisoxual,  small,  with  simple,  caly- 
roiD  PRKiQONE ;  staiDous  opposite  the  leaves  of  the  perigone,  and  of 
the  same  number ;  gyntecium  one-  to  Iwo-meroiis,  in  the  last  case  one 
of  the  carjiels  usually  reduced  ;  ovary  unilocular,  with  one  ovule  ;  seeds 
usually  with  endosperm.  Herbs  and  woody  plants  with  thick  inflor- 
escences. 

There  are  no  very  essential  dilTerenoes  between  the  AiiuMtaefae  and  Urtiei-nat. 
lufloreacences  resembling  the  catkins  of  the  Aiaatlaceae  SDmotimes  occur  in  the 
I'rtitinar.  The  reduction  of  the  gytia'cium  to  a  single  fertile  carpel  does  not 
always  take  place  in  the  Urlieitiai,  nor  is  an  endois[ienu  always  jirusetlt  ill  the  seeds 
without  exception.  In  such  cases,  however,  other  cliaraoteristioi  and  a  comparison 
with  allied  forms  leave  no  doubt  of  their  proper  position  within  this  ardor. 

Some  members  of  this  family  are  heibs,  others  are  shrubs  or 
trees.  They  have  variously  shaped,  but  always  stipulate  leaves,  and 
frequently  they  contain  a  latex.  The  flowers,  as  a  rule,  arc  wind- 
imllinated  and  inconspicuous  :  they  are  aggregated  into  thick  iullor< 
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eacencea  and  produce  great  quantities  of  dry  jiolleH,  and  have  lorgoy 
bruBh-like  stigmas.  Entomophilous  forms  adapted  to  insect- poUtiM 
tion  occur  in  the  Momcaie  (e.g.  the  Fig).  While  in  the  Ameiitattat 
the  structure  of  the  flowers  ia  subject  to  great  variation,  in  tha 
Urticinae  it  is  more  uniform  and  constant.  The  almost  invariabia 
presence  of  a  peri  gone,  the  haplostemonous  stamens,  the  liern^ 
phrodite  or,  by  reduction,  unisexual  flowers  are  indicative  of  the  hi^ 
stage  of  de%'elopmont< 
nltaiiied  by  this  family; 
The  fruit  is  either  Axj 
and  nut- like  or  ilro- 
pacB0U8. 

Family  Dlmaceaa^ 
—Flowers  hermapbio 
y" y]  dite  or,  as  a  result  < 
.'■^1  suppression,  unisexiut 
with  four  to  six  per 
gone  leaves  ;  stamoil 
STRAiuHT  in  the  budj 
ovary  dimerous,  on 
locular,  with   one  sfl 

P  ENDED,      ANATROPOCS 

ovule.      Woody    plants 

WITHOUT  MILKY  JriCi; 

with  piimately  veined 
leaves  and  c'ADl.fa>ini 
stipules  (l-'ig.  449). 

Thia   fiuuily    con 
Wll      trees       with 
THnked         iinsynim«b 
liniry  IcnvDs.      The  flow 
Aiv      faermAplirodii 
oluBtfnd   in    the   udk  af 


b.  rrolt.    (Aflcr  Wnmni 


the  leaves  uf  tbe  prraeding  year.     The  fruit  is  a  wingiid  i 

GEOoRAPawii.  DiBTBiBiTTiON.— The  VlmiKeae  are  forest  trees  of  the  tempont* 
and  trojiical  zones,  ks  uxsmples  of  the  genus  Ulmus  way  Ik  cit^d,  (Tlntiu  «■)• 
petlrit,  tbe  Commou  Kim,  and  U.  ejftaa,  also  the  Witch-II&zel  or  Wycli-Eltn,  fJmm 
montana,  all  natiTB  of  Europe.  Cellt't  malralii,  from  Snutliem  Eiiro]H!',  umI  tba 
Haokberry  (Celtia  oecidenlalia)  from  North  America,  both  of  which  hnvr  dnifwcMat 
frtiits,  are  frequently  eultiratcd  aa  ornamental  troea. 

Family  Horaceae. — Flowers  unisexual,  usually  wiUi  four  perigone 
leaves  ;  stamens  STK.Ught  or  INFLKXED  in  the  bud ;  ovary  dinteroiu. 
unilocular,  with  one  sispknded,  anatropovs  ovule.  Mostly  trees  or 
ahmbe,  rarely  herbs,  with  milky  juice  and  caducous  stimtloa  (Fie. 
450).  '   *" 

The  Moraaae  are  easily  distinguishable  from  the  Ulmaeeae  hy  ih-eir 


PHASEBOOAMIA 


latex  tubes,  and  also  by  their  peculiar  in  florescences,  frequently  con- 
sisting of  numerous 
axes  which  have  be(;ame 
more  or  less  coherent. 
£sp(>ciall7  remarkable 
in  this  reaped  are  the 
flowers  and  fniit  of  the 
Fig-tree,  Fkru  carirn 
(Fig.  450).  The  fniit 
known  as  the  Fig  is 
the  aggregated  product 
of  the  complete  union 
of  the  axes  of  a  cyniose 
inflorescence.  The  suc- 
culent part  of  the  ripe 
fruit  consists  in  its  outer 
portions  of  the  coherent 
axes,  and  internally  of 
the  perigones  of  the  f 
flowers  comprising  the 
inflorescence.  The  peri- 
gone  of  each  flower  encloses  a  hard  nutlet,  the  whole  representing 
a  single  fruit. 

Tln!  itoraeear  ue  roprpsetitod  in  Gernmny  only  by  uoltiTnted  speoieB,  the  Mul- 
berry iree,  llorut  nigra,  which  is  of  Asiatic  origin,  and  by  the  Fig  tree,  Ftevacariat. 


Tli«  geoiu  Fieutu  the  largeiit  of  tho  family,  >ad  ia  especially  remarkable  on  ftcconnt 
of  the  great  varioty  of  forms  it  atsumes,  the  size  and  beauty  of  many  of  its  species, 
and  it«  economic  value.  Tbe  seed  of  tbe  Esat  Indian  Banyan,  Fin>  htngaltnlii, 
gcnuinates  on  the  branchca  of  other  trees,  to  which  it  i»  carried  by  birdn.  Orow- 
in){  Unit  U  an  epiphyte,  it  scuds  down  slender  roots  to  tbe  ground,  nhicb  deretap 


nltimitMlj  iuto  thiok  columns  -,  tlio  branchiog  crown  iu   the  nipsiicii 
euormously  expaaded  Iioriiontall;,  and  tUura  is  formed  a  lart^e  hall  uf  colunini,  Is 
the  aliade  of  which  there  is  auflicient  space  for  a  village.     The   tree  upm  whid 
the    seed    firs  I    gorminnled    disappuam    flntirely.      The    species    of    Fictu 
the  minority  of  the  Moratetit  nccnr  in  the  virgin  forestB  of  tropical  couutTtOfa. 
Caoutuhouc    is   obtuinid    froni 
lat^x  of  manjr  species  of  JAmunuj 
other  speciea  h&ve  edible  fruit, 
the  Mulbeiry,  Fig,  and  the  B 
tree,  Arloearpua  inciaa. 

Officinal. — From  iloruM  ■ 
ia  derived  Srarpus  Muiti. 

F»mL]y  Cannablnaceae. — 
Flowers  typically  dio-ciou* 
the  innle  with  five  perigoiM 
leaves,  and  as  many  sLamciu 
with  STRAIGHT  filaments  in  th« 
bud ;  the  female  flower 
an  entire,  cup -like  perigone. 
Ovary    dime  roll  a,      witli 

SUSl'KNDED,      ANATRoroC* 

ovule.  Herbs  Withoit  latk^ 
with  palmately-nerveti  le»va 
and  PERSISTENT  stipules  (Flat 
451,  452). 

Genera.— Crt"H« Wit,  Huviul^ 
Cannabit  saliva.  Hemp,  is  a  aativ 
of  tlic  East  Iiidiea.      It  is  an  atuiDi 
herb  with  jnlmBtely  divided  lean 
beset  with  stilT  hairs.     Tb*  BhI 
[lowers    form    a     large,     pmfku^ 
branched  panicle  witli   Icavm  oal^^ 
at  the  base.     The  reiuale  HuwenM 
I  small   spikes.  Ml 
Baled  l)y  numerous  leatM 
(ATlcr    as  iomost  caBBBorwiiid-iiolliiu 
WoHicLO.)  the   stigmas  ant   eLaracteriatii 

large  and  papillose  (Fig.  451). 
female  planta  are  larger  and  poaaeas  thicker  foliage  than  the  mule.      The  a  ~ 
ing  leaves  of  the  female  flowera  of  the  variety  indiai  are  oovcrrd  with  glandnh 
hairs,  whieh  eacrete  reain.     The  fruit  is  a  nut  with  a  seed  conlainiiig  mucli  oiL 

The  Hop,  Httmaln*  Lupnlaa  (Fig.  452),  is  both  eultivated  sud  found  wild.  I 
is  a  twining,  perennial  herb  with  hispid,  palmately-lohed  leaves.  The  main  !!«>(■ 
are  anited  in  profnsely  branched,  axillary  inniDlee  devoid  of  leaves  ;  tile  fan 
are  clustered  into  coac-like  indoreacences,  whose  scales  repreaent,  in  part,  the  i9 
ales  of  undeveloped  hypaophylis,  in  part  the  subteiidtDg  leaves  of  the  llomi 
When  ripe,  the  scales  are  covered  with  yellow  glandular  hairs  whieh  seioreto  Inin 
It  is  to  the  presence  of  this  lupulin  that  the  vatue  of  ho|ia  in  brewing  is  dne. 


I,  IrifnicteMeiii 


Officinal.— From  CannaUa  taliiia  var.  indiea  U  obtamcd  Herba  Canxaius 

txutCAB.     Tlia  gl&nils  ot  the  cone-eoalvs  of  Hniaulua  Lupiiiiis  hare  an  oSciiwl 

Family  Urtlcaceae. — Flowers  unisexual  through  reductioo,  uau&lly 
with  four-leaved  perigone  and  with  stamens  inflkxed  iu  the  bud; 
ovary  monomerous,  with  an  kreut,  atropous  ovule.  Herbs 
and  shrubs  without  latex,  with  stipulate  leaves. 

The  Urticaceae  are  mostly  herbs  and  shrubs  with  simple  leaves, 
which  are  often  armed  with  stinging  hairs.  The  flowers  are  reatriated 
to  wind- pollination,  and  are  clustered  in  thick,  greenish  or  whitish 
inflorescences.     The  fruit  is  a  nut  or  a  drupe. 

Gruoiuphical  D[»TtiiBi*TioN.— The  Stinging  Notlles,  t'rtica  unnt  and  dioka, 
occur  evcrywliere  as  vommon  werds.  The  majority  of  th»  rvpresentativea  of  this 
family,  Lowever,  iuhabit  the  nanuer  tones,  wh^rt  th«j  constitute  a  considerable 
liro])ortion  uf  the  herbaceous  and  slmibby  vegtUtioii  of  the  [irimitive  forests. 

Order  3.  Polygnninae 

Flowers  hypogynous,  Hermaphroditk,  sometimes  unisexual  by 
suppression,  generally  triuerous  ;  perianth  absent  or  developed  as  a 

PERIGOSK  ;  ovary  UNILOCITAR,  WITH  A  SINGLE  BASAL  ATROPOUS  OVCJLS. 

The  Foljtgoniiuu  occujiy  au  iutermmliate  position  between  the  Urticinae  and  the 
fntlowing  order,  Caitnmperinae.  Reaembling  the  Urtieinae  in  their  small,  usually 
greeniali,  thickly  clustered  Uo*ers  and  in  the  couHtruction  of  the  ovary,  they  may 
ftlffay*  be  distinguished  from  them  l>y  their  trimcroua  flowers.  They  dilTer  from 
the  Cenlroipcrniiu  in  baring  atropous  ovules  aud  in  the  trimerous  structnro  of  their 
lluwere. 

The  members  of  this  order  are  mostly  herbs,  rarely  small  woody 
planta.  They  generally  have  axes  swollen  at  the  nodes,  simple, 
usually  entire  leaves,  and  spike-like  inflorescences  with  closely-crowded 
small  flowers.  Tlie  flowers  themselves  vary  greatly  in  structure  ;  some- 
times naked,  and  of  the  simplest  structure ;  sometimes,  by  the  dis- 
similarity of  the  outer  and  inner  leaves  of  the  perigone,  and  by  the 
posBcssioD  of  two  whorls  of  stamL-ns,  tliey  exhibit  a  higher  stage  of 
development  than  is  attained  by  the  Urtidiuie.  The  fruit  is  either  a 
nut  or  drupaceous  in  character ;  the  seeds  contain  a  mealy  idbumen. 

Family  Plperaceae.^  Flowers  naked,  typically  trimerous,  but 
usually  liKDLtJED  ;  fruit  UniiPACEOira ;  seeds  with  perikprrm.  Herbs 
and  shrubs  with  stipulate  or  exstipulate  leaves  (Figs.  463,  464). 

The  Pifjvrateae  are  round  eiclnsiFely  in  tiopioal  countries,  where,  as  herbs  and 
shrubs,  often  climbing  by  means  of  roots  or  living  as  ejiiphytOH  witb  incons]>icuous, 
deniely  cluatered,  green  flower-BpikeH,  they  coiiatituto  an  waential  though  not 
]>artioillarly  prominent  part  of  the  Flora.  Pipfr  nigrum  h.,  the  lilaek  Peji|ivr 
(Hg.  4&3),  ia  a  shrubby  root -climber  native  of  the  E^t  ludiuH,  and  is  now  cultivated 
in  all  tropical  countries.  The  iinripa  drui>es  of  tlii*  species  are  familiarly  known 
at  blaok  pepper ;  white  pepjier  consists  of  the  kernels  of  the  ft-uit  of  the 
|>lant,  frctti  from  the  exoi-arp.     The  pcri.s]wni]  is  largi^  and  mealy. 


Officinal. — The  dried,  unripe  fruit  nf  Piper  Cuieba,  a  climbing  shrub  of  t) 
Sunda  iHlsndfl,  is  the  officiaftl  Ci'ueba.     It  is  distiuguishable  froio  p«p]>tT-eoni*  tq 

the  presence  of  a  atnlk-like  ap^ifndage  (Fig.  454]. 

Family  Polygon aoeae.— Flo irers  with  single  or  double  perigont 
typically  trimerous,  but  the  number  of  stamens  is  frequently  i 
by  division;  fruit  almost  always  a  nut;  seeds  \VlTlloi.'T  PERlsPKRH.  | 


Herbs,  rarely  woody  plants,  especially  characterised  by  alternfttolt 
and  connate  stipules  in  the  form  of  tubular  shkaths. 

The  wild  or  cultivated  Fdygonartae  are  herbs  with  iioUow  a 
and  simple,  rarely  lol)ed,  alternate  leaves. 

The  OCHREA,  formed  by  the  coherent  stipules,  is  very  cfao] 
istic ;  it  first  encloses  the  apex  of  the  shoot,  and  afterwards  sun 
the  base  of  the  internode  and  axillary  bud  as  a  scaly  tube.     The  floi 
are  small  and  aggregated  into  compound  spikes,  racemes,  or  pantd 
they  have  a  calycoid  or  corollaceous,  reddish  perigone,  according  ■ 
they  are  anemophilons  or  entomophilous.     The  inner  circle  of  ataraen 
is  often  suppressed  {Rumr.r),     The  fruit  is  in  most  cases  a  throe-aided 
thin-walled  nut  with  a  mealy  endosperm. 


FJygBm 


I,  Koot-Grau!,  Imi  n  forollaceous,  RTe-leavf^  pcrigniio  and  (|i-«  torltfUl 
mtx,  tbi'Dnok  or  SihtpI,  iiosseAioB  a  »i:!-lenv«i  {a  +  3)calycoid  iwrigoea  | 


PHANEROCUMIA 


Khemn,  Rhubarb,  has  also  a  caljcoid  perigone  and  n 


GeoobaPHICAL  DiSTBlBUTIOS. ^TliB  Polytjonaaac  are  diietly  found  in  the 
Norlh  Temperate  Zone.  Hmnex  aettoaa.  Sorrel,  contains  a  largo  amount  of  potas- 
sium oicalate,  and  is  on  that  account  esteemed  as  a  vegetable  and  often  cultivated 


for  tliftt  purpose.     Othei  frequently  cultivated  i>lBnta  belon^Dg  to- this  funilrl 
nre    tlto  Buckwhiat,   Fagapjfrum  tacttlenlum,  and  the  different  aptClM  of  gluit^-M 

Rbuborlis. 


Officinal.— The  chiiome  of  Mtum  qffieiuale  (Figa.  1.15,  45S)  Ami  j;.  pm. 

luiii  v«r.  la-ngiiticum  is  the  offii'inul  R.VDix  Khe:. 

Order  4.  Centrospermae 
Flowers  hermaphrodite,  uaimlly  hypogyiioua,  PENtamerous  i 

CALYCOID    PKRIGONE,    OB   WITH    CALYX    AND    fOROLW,    l-arely    Dulced 

aitdrceciiim    haplostemonotis    or    diplostemonous ;    ovary     conunont 

liNILO(_:L'LAR,  WITH  A  SINGLK,    BASAL   OVULE,  Or  with  a    FUKE-CENTRAI 

PLACENTA  and  numerous  CAMPVLOTROPous  ovules ;  seeds  with  ] 
sperm  and  a  CL"RVE1I  emlirjo. 

The  Ceittimpermae  are  for  the  most  part  lierlaceous,  rarelj-  wood 
plants  with  simple,  exstipulale  leaves.  The  flowers  aj-e  either  incM 
epicuous,  white  or  highly  coloured,  according  to  the  nietliod  of  pollioi 
tioQ.  As  regards  iheir  structure,  the  flowers  of  the  different  memba 
of  this  order  may  be  arranged  i»  an  ascending  series,  beginning  wi< 
the  simplest  forms,  resembling  those  of  the  Urtieacote  and  gradtul] 
advancing  to  the  more  highly  developed,  constructed  after  tbe  penS 
cyclic,  i)entamerous  tyiio,  characteristic  of  the  Dicotyledons,  and  harii 
a  perianth  diff'erentiated  into  calyx  and  corolla.    The  Centrosprkiui 

THLS  LINK  TOCfTTHER  THE  APETALOUS  AND  COR0LL.4rE  DlOlOTXEDOSI 

The  unilocular  character  of  the   ovaries    in    most   members  of  tfai 
order  is  due,  no  doubt,  to  the  disappearance  of  the  dissepitneots,  I 

in  some  cases  they  are  partly  retained  (Fig.  458). 

In  tlid  «iniplcat  c»scfl  tlie  flowrrs  consist  tyiiiciilly  of  tliree  whorbt  {t.g.  Ckrm 
podiaccae) ;  tbe  number  of  tlia  wLorla  U  in  otiier  iastancn  iucre«ii«l  to  fivs  (cj 
moBt  CaryophyUatt'it),  but  in  othercawa  ilia  reduced  again,  by  aiippression,  tollin 
{r.g.  tlie  CAryophyllaccouB  Pannychioidtai).  At  the  end  of  the  w-riea,  aoeonlui^ 
Dottera  occur  with  a  Mructure  app«reDilj  limilsr  to  tliose  at  the  beginning  ;  !« 


ruDovni ;  • 

(ATlCT  VoLfUBBH  in  S'-li 

smjtiiiillini,  nugnLDiiil.) 


in  the  r«duu>d  flou'en  one  mii;  often  dUtinguisli  trai't'n  of  tile  supjirL'ssed  wliorls, 
which  are  not  in  anj  way  rppresentcil  in  the  mora  simple,  tricyclic  tjpes. 

Family  Chenopodiaceae. — Flowers  usually  without  bbactkolks, 
with  a  single  caljcoid  perigonk  ;  andrte- 

ciura       HAPLOSTEMONOUS,       KPlPETALOt'S  ; 

ovary  two-  to  five-ineroita,  with  one 
ovcLE.  Fruit  generally  a  nut  (Fig.  457). 
The  CfuTuipodiaatae  are  herbs  and  small 
woody  plants,  with  scattered,  often  fleshy, 
leaves,  and  greenish  inflorescences  of  small, 
clustered  flowers.  The  flowers  are  often 
unisexual  in  consequence  of  suppression. 
The  nutlets  are  filled  with  a  mealy  ' 
albumen. 

Chmapadium,  Gooseront  or  PigH'eed,  hermapli- 
rodito,  with  grDcmsli,  and  after  ttowering,  dry 
pvriaQtb ;  Blilvin,  with  succiilvnt  ponanth  when 
the  fruit  is  rij>e  ;  Alriplex,  Orache,  luoncECinua, 
with  naked  female  Howen ;  Sria,  Beat,  epigyuoun ; 
Spinacia,  Spinach,  dii£cioiu,  tlw  perianth  harden- 
iii){  duriug  the  ripcniu;:;  of  the  fVuit  and  adhering 
to  the  nnt. 

GKi>onAfHK-AL  DiSTBiBi'Tios. — The  Chtnopodiaeear-  are  for  Ihe  most  part 
saUne  plants,  and  chiefly  oucnr  near  the  ocean  or  in  de«erta  and  steppes.  Iti  snch 
■itoatious  Uiey  are  neually  developed  as  succulent  and  not  infrequently  priukly 
herha  or  woody  plants.  Tlie  most  important  cultivated  speoiim  of  this  family  ore 
the  Siiinach,  Spinaeia  vltrarea,  and  the  different  varieties  of  Hie  coDimon  Boot, 
Sfla  tulgaria,  of  wiiich  tlie  most  imiwrtant  is  the  Sugor-Beet,  £.  altittima.  Btla 
vnlfarit  haH  itself  jiroh^lily  heen  derived  by  culture  from  S.  Tnariliina,  growing 
wild  ou  the  coast  of  the  Mpditerranean. 

Ofcii-'INAI.. — Btta  vulgaris  yields  cane-sugar,  SacchahI'U. 

Family  Amaraiitaeaa*.— Flowers  ^ 

with  two  Urge  liracteiilrii,  and  dry,  ^  « 

ofMn  highly  coloured,  pengone ;  in 
other  respects  resembling  the  pre- 
omiing  family. 

GBOtlHArBltUI.      DldTUtUl'TIOK. 

—The  plant*  of  lliis  order  are 
mustly  trojiical ;  but  several  Luve 
found  their  way  northward,  growing 
•a  w«eds  and  teaemhliug  tlie  Chrno- 
pediaecat  in  habit. 

Family  Caryophyllaceae. 
^Howera  with  CALYX  and 
cf.iKOLLA,  the  latter  sometimes 
suppressed 


TKMONuirs    or,    by   ruduction,    haplo- 


st«monoua.     Ovary    rarely    with    only    one    ovule, 


frequently 


mlly    a   capsnle    (Figs.    458*' 


WITH     NUMEROUS    OVUIJIS.       Fruit 
460). 

The  Caryophyllaceae  are  herbs,  rarely  shrubs,  of  varied  appearanea. 
They  have  opposite,  entire,  frequently  narrow  leaves  and  dichasial 
inflorescences.  The  flowers  in  some  genera  are  small  and  of  a  greenidk 
colour,  but  are  usually  provided  with  a  white  or  brightly-eolourad^' 
corolla,  and  are  frequently  large  and  conspicuous.  In  many  cases  all 
the  floral  whorls  are  pentaraerous,  but  commonly  the  gyucecium  I 
two-  to  three-meroufi.  The  capsules  split  at  the  apex  into  valves  fl 
teeth  (Fig.  459) ;  in  a  few  cases  the  fruit  is  a  nut  or  berry. 
Sitb-Familiks 


aeptkloas ;  petals  with  short  cUws ;  Iruit  k  uapanle.  Ceraalium,  Ch\ek\tt«li 
Howera  OQtire];^  peDtAmerous.  Spcrgata,  Spurrey,  and  Slellaria,  SUrwort  or  Stiik' 
wort,  with  trimeroiis  ovariea  and  clfllt  petala.  ArtTtana,  Sandwort,  disdugnutul 
rrum  Steilaria  by  its  entire  petals.  (2)  Partmychioidtax :  calyx  polysejiakiw; 
corolla  wnating  or  reduced  ;  ovary  with  one  orule ;  Tniit  &  nut.  S^matkw^ 
Knawel ;  Htmiaria.  (3)  SiUnotdeae  ;  calyx  gnlnoHepaloiu  ;  petals  with  long  olaalj 
frttil  a  capaule.  Lychnia,  Campion,  withppntamerousovury ;  Siltne,  with  trinuMM 
orary  and  eix-toothed  capsule.  Dianlhus,  Pink,  with  trimerous  ovary  and  fi>B> 
toothed  capsule.  The  flowers  of  this  group  often  have  ligulor  appendages  ut  tkt 
petals  at  the  throat  oF  the  corolla. 

GEoaoAPHlCAL  D!i«TBlBUTlON.~-The  CaryophyUaeeae  lire  co:>lni){>o]itan  is 
their  geographical  taoge,  but  they  prefer  the  temperate  and  colder  eoum,  whA 
they  are  represented  by  numerous  species  growing  in  the  moat  varied 
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Poisonous. 


-Agroittmioa  (Lychnis)  QUhago,  Corn-Cockle  (Fig.   480),  s  hiiry 
Jn  iu  graiU'Helds,  with  narrow  leavss. 


ni'rd.  rpaching  a  heJglit  of  80  c 
violet  -  coloured  Howera,  aud 
niauj -seeded  CBpsut«H.  Tlieiiceds 
when  abundantly  mixed  with  tlie 
grain  give  the  flour  toxic  jiro- 
jierties.  Sapmxaria  officinalis, 
the  common  Soapwort  or  Boiin- 
ciug  Bi't,  a  atout  iiereunial  witli 
clustered,  rose-coloured  fiowere. 
The  Haiionin  coatjiined  in  all 
jurts  of  the  plant  renders  it 
Home  what  [misonous. 

The  following  less  important 
ramilies  are  alw  included  in  the 
order  Ci«tro)pfr7na€. 

X  ijctaginaceai.  — Perigone 
single,  often  corollaceoiis,  per' 
Histcut  after  Dowering  and  inrest- 
iiig  the  fruit.  Mostly  tropical 
plants.  Sjiecies  of  the  genus 
ilifabilit  belonging  to  this 
rnjiiily  ate  oRen  cultivated  in 
gardens. 

Aizuactat. — Flowers  typically 
consisting  of  three  whorls  ; 
stamens  often  doubled  and  in 
I«rt  petaloid ;  ovary  ijiiilti- 
locular.  Succulent  plants, 
chiefly  occurring  in  South  AtMca. 
Uany  species  of  Maimbryan- 
tkemani  are  cultivated  as  orna- 
mental planta.  ^ 

PJiijlu/aeeatrae. — A  represent, 
ative  species  of  this  family  is  the  ci 
decandra,  of  North  America  ;  fruit  a  berry  with  strongly  purgative  propertiei 

Fiiiiulucareae. — Calyx    dimerous.     Succulent    herbs,   of  which  the   t 
Purslane,  I'uHulaca  oleraeea,  is  a  familiar  example. 


—Agrotlentmo  («(Ao;»  (]  nat.  HiKy—foiaoxoa. 


r  I'igeon  Berry,  F/ti/tolaeat 


Order  6.  Polycarplcae 

Flowers  hypogynoua  or  perigynouB,  hermaphrodite,  partly  or 
wholly  SPlRAi,  with  numerous  stamenB  and  FREE  tARl'lSL.s  ;  seeds  with 
endosperm. 

This  order  compriaea  herbs  and  woody  plants  of  very  different 
appearance,  their  relationahip  being  only  revealed  by  the  atnictuie  of 
the  Howers.  The  tyjw  is  most  accurately  represented  in  such  forma  as 
have  at  least  an  acyclic  andnwium  and  gyncecium,  with  numerous 
Stamens  and  cariwls  inserted  on  a  convex  axis  (Fig.  401).  Flowers 
constructed  in  this  manner  are  the  rule  in  the  MuHuncuiaceae,  MagnoUaceat, 
2  P 


and  Anmiaceiie.     These    three    Urge    families    form    a   central 
about  which  the  families  with  flowera  less  typically  developed  mvfi 
be  arranged.     The  most  uniform  characteristic  of  the  whole  order  ii 
the   apocarpous  gyriiecium,   although   in  the  Nijinpliaeweite,  in   so 
Jiitnwvulacaie,  aiid  also  in  the  Laumwne,  the  systematic    position 
which  is  somewhat   uncertain,  the  carpels  are  more  or   less    unit 
The  convex  flowur-axis,  the    spiral    arrangement    of    the    parts,    i 
nnmerous  stamens,  are  usual,  if  less  constant,  characteristics  of  t 
order.     There  are  iacliideJ  in  the  Polyatrjwue,  as  is  frequently  I 
ease  in  other  enters,  isolated  groups  which  do  not  exhibit  a  single  o 
of  the  distinctive  characteristics  of  the  order,  but  which,  neverlh«iea 
show  such  marked  aflinity  to  other  undoubtedly  typical  groups,  I 
they  must  be  regarded  as  belonging  to  the  same  general  alliauce. 


The  order  ill  wLicL  the  diiruri'iit  familit! 
diotive  of  their  irelativc  |iositIon  with  rvj 
series.     LinkMl   to  tlie  Jianunealaetat,  ■ 


cavil  other,   in 
side,    orp   tli?    .Vynj 


lu^  loDgitadinaUy :  i 


and  Ccraiopl(yltiKrae,  aud  oii  the  other  the  Magnolmxar  and  allied  Gunili^s ;  wl 
the  Berberidaecae,  HctiifjifrnuKear,  and  perhaps  also  the  LaunAeeof,  form  a  seixnt 
subordinate  alliance  within  the  order. 

Family  Ranuncalaceae. — Flowers  HYPoavNOUs,  usuallj-  actii 
morphic ;  very  rarely  cyclic,  usually  acyclic  throughoiit  or  so  at  le 
in  the  aiidrtecium  and  gyncecium ;  perianth  single  or  doable,  in  I 
last  case  frequently  with  corollaceous  calyx  and  petals  abnonua 
developed,  moat  commonly  as  nectaries ;  stamens  indefinite,  TJSl'AL 
st'MKROUS;  pollen-grains  with  TWO  To  TURKK  PORKs ;  carpels  i 
TNDKFINITK,  OFTEN  LARCE,  NL'.MBKRS,  Usually  FREE;  seeds  with  albuoH 
Herbs,  rarely  woody  plants,  with  alternate  leaves  WITHOUT  OllMiUUd 
(Figs.  461-470). 

Most  BaiMnmlarrdf  are  mediiim'sized  herbs,  frequently  with 
radical  rosette  of  deeply-lobed  leaves  and  sparingly-leaved  fertile  aboO 
The  flowera  arc  usually  conspicuous,  often  solitary,  and  then  t«nnil 
or  axillary,  or  sometimes  aggregated,  in  loose,  and  more  rarely  cora[« 
racemose  oreymose  inflorescences.  Insect-pollination  is  uuiveraal,  ai 
has  produced  corresponding  adaptations  to  it  in  the  flowers,  such 
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the  bright  colour  of  the  perianth,  or  when  it  is  reduced  as  in  the 
Bpecies  of  Thalictnim,  of  the  andrcecium,  and  the  development  of 
nectaries  (Fig.  462).  The  nec- 
taries are  developed  either  as  small 
depressions  at  the  base  of  the 
jietals  {HiiHiinculus),  or  the  whole 
jwtal  is  transformed  into  a  cup- 
BhB))ed  nectary  (HeUeborus,  Aeoni- 

(««). 

According  to  views  at  01 
largely  h«lil,  audi  "  hoiiey-leav 
also  tlm  [leUls  of  Itaiiuneuliii  K 
giinlfil  ns  Htamitiodin. 

The  carpels  of  the   Ha 
hicene     are     converted    at    matu-    ^■"-■  *'i^-^  ^'i"""  of  j™»i(«m  ,v«p(«ii,,- s, 
nty     mto     caiaules     {Helkborua,       bb,,,,,.  (An*r  Wobbiblo.) 
Aamitum,    Fig.     463),    or    as    in 

1,'iiiiuttoilus  (Fig.  464)  and  Anemone,  into  nutlets  or  achenes,  frequently 
having  long,  feathery  appendages  (Ckimlit,  PuliwtUlu,  Fig.  470),  or, 
less  fi'eqiiently,  into  berries  (Artaea,  Hydmstis). 

Rki'bk.sent.\tive  Gener.i.— With  C.M'sii.ks:  KigelUi,  csruels  aynoariioufl; 
I'aeunia,  Calthn,  vitli  corollaceoaa  calyx  and  no  enrolls  ;  Aqaitt(jia  (Columbine), 
Aowen  cyclic,  with  nimrred  jietals ;  Aconitxuii  (ave  under  Poisonous) ;  Drlpkiitivm 
(Lark»iiur),  flowers  zygomorpbic,  one  seia!  witli  long  spur.  With  Kvtlkth  ; 
Hiiiiiineuliia  (Crowfoot,  Biitteroup),  witli   grtiTi   calyx  and  usually  with  yellow 


curolla,  [letals  with  nectariea  ;  Adonii,  Antimni-,  witli  single  corollaceoua  (trigone  ; 
Thaiietmiii  (Meadow  -  Rue),  with  small,  grrrni^li  iwrigone  and  long  stsmens  ; 
VltmiUia,  clindiing  plunta  with  ojijKisitc  leavvs,  llowera  with  single,  corollaceous 
I'erigoui'. 

GEiHiRAi'iiirAi.  DisTBHHTios.^The  Jtiiiiurirufiiftaf  are  ri'jireaeDted  chipfly  in 
tlip  North  TeniiH'rati-  Zone.  Many  are  lavoiiritc  ornamental  plants,  especially 
diirfr»!nts|iei;ieH0f/V«nwin,£7/(/iin(iir,^jHi%(Vi,A'(y//n,.rfrfitfli<,  and  the  Christmas. 
K<we,  HtUthorus  nii/er. 
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PoiaoKOVs. — The  wliolu  ramily  is  extraunlinarily  rioh  iu  toxic  principtea, 
•  BO  abandant  in  tnaiiy  species  ui  to  render  them  dsugerouBly  poisou- 
I  tbilowing  may  be  eitcd  oa  the  most  poisonous  plants  of  the  Amun- 


Paimm'iBH.  IViaojrofn. 

All  the  sptcies  of  AtonUum,  iii  particular  J.  .VapeUut  and  jI.  Lyeo€lo>mm. 

The  former  (Pig,  *e8)  i»  a  preiinlal  plant  with  tubcw,  one  of  whicli  dle»  Iu  the 

auluniii.  while  the  other,  M  la  the  Oreliidaeiae,  give*  rise  to  a  upw  |ihint  iu  the 

ain-Ci-L-.lii]g  spring.  Tlie  U'aves  nrf  palniMtely  dividL-d.  dnrk  gn^i-ii  on  Ih''  iii.|*r  furfacp. 


and.  like  the  whole  pUot,  theyare  entirely  devoid  ofhairs.  The  flowers  are  clustered 
ill  Bimiile  or  sparintjly  bi'snchcd,  terminal  racemes,  and  are  distinctly  zjgomorpMe 
(Fig.  462).  One  of  the  five  dark  violet  sepals  is  he Imet- shaped  ;  two  of  the  petals 
are  transformed  into  hood-shaped  nectaries  raised  on  long  claws,  while  the  othen 
arc  reduced  to  filamentous  rudiments  ;  the  numBroiis  stamens  surround  thrw 
apocarpous  earfiuls,  each  of  which  produces  a  follicle  at  maturity.  Aeoniiim 
Lyaiclonnm  (Fig.  4S7)  has  smaller  yellow  flowers,  and,  instead  of  tnbrre,  a  slender 
rhizome.  A,  raricgatvm  and  A.  Hlofrcteaiiiivt,  allied  to  A.  A'apellui,  are  aim 
extremely  pajsotioiis. 

All  the  species  of  HanunciiliD  arc  also  more  or  less  ]ioiBonoU8.  Jt.  tceleratiu. 
Celery-leaved  Crowfoot,  probably  one  of  the  most  noxious  species,  is  a  gjaibrons  her)' 
with  threc-lobed,  soiuewliat  fleshy  leaves  and  small  lifjht  yellow  flowen  (Fig.  469). 
The  Tall  Crowfoot  or  Buttercup,  It,  ocn),  is  the  frci[ueiit  cause  of  poisoiung  in  cattle- 
It  has  a  hairy  stem,  |wlmately  divided  leaves  and  bright  yellow  flowers.  The  Ualsli 
Marigold,  Ciilllia  polaatris  (Fig.  466),  though  less  [wisonouB,  is  a  source  of  danger 
to  children  on  account  of  its  frequency  and  attractive  flowers.  Htllebimu/oelidus, 
Bear's  Foot  (Fig.  465),  a  largo  glabrous  )>erennial,  lias  [lalmately  divided  Iravea  and 
yellowish  green,  somewhat  bell-sha]ivd,  flowers  with  numerous  stamens  and  frir 
car|)els.  The  perianth  consists  of  a  largeOcaved  calyx  and  conical  honey-leaves  ; 
the  car{ie1s  when  ripe  become  follii'leii.  Both  the  Green  Hellebore,  If.  viridit,  and 
the  Cliristma.-t-Ro!te  or  Black  Hellebore,  //.  niijrr  (with  reddish  white  flowen),  are 
also  jioiBonous.  Species  of  Adoiiia  (r,y.  A.  rrriu<li«),  AneiiuHie  (in  particular  A. 
Hcniorofi,  and  even  more  so  A.  FnliatiUa,  Fig.  470),  Clematix  and  DelpkiniMM 
(psiNJcially  D.  Hlntdiymgiia)  are  also  jnisonous,  but  in  •  less  degree. 

Ofpiijinac..— The  tubers  of  ,<coH(7ui«  Xaprlhis,  also  the  root  and  rliizonie  of  the 
Ornnge  Root,  Hiiiirnflis  eatuulfisll  (Xortli  America),  are  oflicinal. 

Family  Nymphaeaceae. — Flowcis  herinaplirodite,  hypogjnous  or 
epigj-nous,  actinotuorphic,  with  calyx  and  corolla,  cyclic,  or  exclusive 
of  tlie   peiiaiitli,  Atvci.ic ;  andrtvcium  and   gyn- 
a^ciiim  usually  roi.YMEROVs;  carpels  &pocarpouA 
or   syncar])oiis,      Water-PLANTs,    USUALLY    WITH 

LAROK  FLOATlSr,  LEAVtS  (FigS,   471,  472). 


id  flc: 


In  the  fruit! 
Ibmiity  is  exhibitec 
nanunriildreac,    while  oth 
essentially  from  them  and 
of  development.     Some   a 


ivers  of  this  fHtuily  but  little  uni- 

Some  forms  closely    reBcmble   thr 

{Xympkata,   Victoria  )  ilitTet 

iresent  a  much  higher  sta^ 

cs  are   very  ainiilar   to   thf 

of  their  fruit,   and    i 


nilarity  to  other  ramilics,  so  tliat  th' 
[riuisitional  group  conueoted  in  manv 


again,  i 
yilHij^iiatfiiie  must  be  regarded  n: 
resjN'cts  with  other  orders. 

Familial'  examples  of  this  family  are  alforded  by  the  Yellow  Tond-Lily,  .VupAn.' 
(hy|iogj-nous,  with  live  »e|ials),  and  the  Water- Lily,  Sumjihnea  (epigynous,  will,  four 
Kejals,  Kig.  472) ;  Imth  have  multilocnlar  ovaries  and  spongy  bciry-Iike  f^uit^ 
(Fig.  iVi,  4),  >'o  ilefiliitv  line  of  demareation  can  W  drawn  between  jietala  and 
stamens,  n.i  the  jx't.ils  paxs  into  the  stamens  by  a  gradual  transition  (Fig.  472,  3 

Gkikieladihai.  DisTisnifTios.— The  Xympharaceae  inhabit  chiefly  the  Tnn>k>. 
To  this  family  lH-long  the  Sacred  Lotus,  Xcluiahiiia  uttciosuiH,  and  J'ietoria  rryM 
from  the  Amiizoii,  noted  on  account  of  the  enormous  aize  of  its  Icavea  anil  thr 
U'auty  ofits  flowers. 


Family  CcralophylliUfae.—Vhwetii  small  aud  grpBiusb,  with  polynierous 


mil   fiunily  "f  niibniBrg«l  i 


.   tho  Hornwort,  Cenilojikylluni  rtt- 


Family  Magnoliaceae.  —  Flowers  iis  in  the  Jt'aitiinculaceae,  but  the 
pollen -grains  have  only  onk  OERM-roRK.     Woody  plants   with  oil- 

CKLLH, 

Tbu  JUagairliaaae  kre  forest  trees  ot  the  tropical  and  teiu|i«rat«  moea  of  Asia 
ukI  AmfricK,  iiHDBlly  bouiDg  Urge  and  Iwautiful  flowfra.  Several  Bpeci<^s  arc 
oulcJTBtud  Hs  oriMniDatal  treea  (Maynotia,  Liriodendrm). 

Th«  (ta\t  of  Illieiiim  rtli-jioinim,  indigeuoui  to  Jsjiaii,  {«  poisoiiDUs,  anil  also 
that  of  /.  anUalum,  the  Star  Amae,  native  of  China. 

Til?  Majpioliaeeae  ate  olosely  related  to  the  AHOnaetat,  a  large  and  purely 
tn>)ii(Al  ramily,  Fharacterued  CBpecially  by  a  mminated  eadmiierm  ;  they  ars  alao 
allied  to  the  Calycanlhaetae  (Xorth  America,  North  Asia)  and  Mimimiaaat 
(Southern  Tropical  Zone).  PerigyuouB  flonerB  are  tint  diBtiuguiahing  cluuwrterlatlo 
of  thp  two  Wt-usmcd  lamilivs. 

Family  HyiiaUiMiMae.  — Flowera  Dtxclous,  cyclic;  perianth  simple,  gamo- 
phyllotu;  HTAHESs  UKiTEn  ;  oisry  moromcrouB,  with  one  ovule;  h-uit raaembliug 
a  berry,  but  dehiscing  at  maturity  :  needs  with  uuani'uku  Attn,  (mace)  and 
ruminated  ondo»|)emi  (Fig.  473).  Trojiical  forest  trees  of  the  Old  and  Hew  Worlds, 
obancteritied  liy  thu  owurrence  ofoil-telU. 

OrriciMAI..— Tliesuwl  frettd  from  its  oiitiir  intcguiiieiit  (Sbmev  SIViilancAK),  and 
also  tile  aril  (Mace;  Ol.  M.v.nniH)  of  the  Nutmeg, -l/in-iX.ni/rMvmin,  Hrtollkiiml. 
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PoDOPHVLU. 


A  tuiniliu-  reiireseoUtJTa 

cr^iiiim^iinJ  "^  *'''*  "'"^'  family  is  thr 
BarbPTTJ,  Strbtrit  vuiganM 
[Fig.   474).     djieuiiw   of  Jfi)- 

gardi^ii  ]italit«. 

,  Mundmke  (N.  America),  fit^lds  RHtaoiu 


Family    Lauraceae. — Flowers    pekigynous, 


FW.  *74.— OrrhtrlJ  m/ffiip/j.  I,  Flowertng  h 
lkiw«  EOt  Uiroilgli  Iwigltudiniillf ;  3,  ■  peUl 
with  TdVM  of  aiiUiu  oiKD ;  t,  thn  nin* 
elD*Bd ;  ^  rnilt.   (Alter  WamiiLn.) 


I.UrUI :  1,  orule.    (AtlB  a 


thronghont  ususliy  of  trimerouB  whorls ;   perianth   calycoid, 
GtaBiens  generally  in  four  whorls;  antbeks  with  valvksj  i 
ceciuin  synlarpous  ;  ovary  unilocular,  with  a  single  suspended  ovtiltJ 

seeds  without  albumen.     Aromatk.^,  woo-ly  plants  (Fig.  475). 


The  majority  of  Laurajxae  are  treea  with  elliptical,  eotire  leaves 
and  small  inconspicuous  flowers  c^gregated  in  heads  or  panicles. 
The  fruit  is  a  berry  or  drupe,  and  is  often  sui-rounded  at  the  base  by 
the  persistent  receptacle.  All  parts  of  the  plant  contain,  as  a  rule, 
ethereal  oil  accumulated  in  special  cells. 

aBOnriAPHm.^L  DisTKluUTloy.— To  the  Z^unicMK  belong  man;  of  the  moBt  im- 
portant trees  of  the  wanuercDUntries  of  both  beniiBplierea;  theordor  isftlmostwholly 
unrepresented  in  tbe  Temperate  Zone.  £uro|iG  posaeiHes  but  one  species,  Laurva 
nubilia,  Siteot  Bay  (McditBrranomn).  a  small  evergreen  tree  with  white  Hovers 
clustered  in  axillary,  capitate  infloresoencea.  Tbe  Qowera,  which  are  dimerous,  and 
have  bilocular  anthers,  produce  a  drupaceous  Irnit.  The  only  herbaceous  genus  is 
Canylka,  B  widely  distributed  trapiea]  groap  or  paraaites,  resembling  the  Dodder 
in  ap]>earance  and  habit. 

OrrictNAL.— The  fhdt,  Fructl's  Lai'hi,  at  LaunM  niMlii ;  the  bark  and  wood, 
Saesafbas,  of  SoMofrat  o£i»ita,U  (a  diieciaua,  deciduous  tree  of  North  America) ; 
the  gum,  Cauphoua,  obtained  from  Cinaamomum  Camphora  (an  evergreen  tree, 
native  of  Cliina  and  Japan) ;  the  bark,  Cortex  CiM4Ai(out,  of  d'nnanioinufn  Castia 
(a  shrub  of  Southern  Chinn),  and  of  the  Cinuamon-trec,  CiHnamomum  ztylanicwa 
(Cvylou).     The  latter  is  no  longer  olHtinal  in  Germany. 


Order  6.   Rhoeadinae 

Flowers  hypogynoaa,  hermaphrodite,  predominantly  DUIKkOUS. 
Perianth  consisting  of  three  two-  or  foiir-merous  whorls ;  aadroecium 
of  two  two-merous  whorls;  gyntBcium  dimerous,  syncarpous;  ovary 
UNILOCULAR,  with  PARIETAL  PIACENTJL  Herbs  with  alternate,  aimjje 
le&ves  without  stipules. 

The  Hhoeadinnt  constitute  in  themselves  a.  natural,  sharply  defined 
order,  and  apart  from  the  slight  resemblance  displayed  in  some 
instances  to  the  Nynqih'wiceae  they  exhibit  no  marked  afhaity  to  other 
groups.  The  type  of  the  order  is  best  represented  by  the  genus 
Hyptcouin,  in  which  the  flowers  are  constructed  throughout  of  simple 
dimerous  whorls.  In  the  largest  families  of  the  order,  the  Oruciftrae 
and  Ca^aTidacfae,  the  corolla  is  tetramorous,  alternating  with  the  two 
decussate  whorls  of  the  calyx.  It  is  often  assumed,  but  without 
confirmatory  evidence,  that  iu  such  cases  the  four  petals  are  derived  by 
duplication  from  a  dimerous  corolla.  The  greatest  variation  is  shown 
by  the  androecium,  which,  in  consequence  of  the  multiplication  of  its 
members,  or  more  rarely  of  the  whorls,  frequently  consists  of  more 
than  four  stamens.  Even  in  such  cases  the  derivation  from  the 
typical  structure  is  generally  recognisable.  In  the  Cap^ridaceae,  the 
successive  processes  in  the  evolution  of  the  andnccium  are  particularly 
ap[)arent;  in  this  family,  all  transitions  occur  from  a  2  +  2-merou8 
androecium  to  one  that  has  become  polymerous  by  repeated  splitting ; 
u  reduction  of  the  andruecium  to  one  whorl  is  also  exhibited  by  some 
members  of  the  family.     The  gyncecium  usually  remains  dimerous; 


I  carpels  has  taken  place  only  i 


.  few  c 


a  multiplication  of  i 
{Papaver). 

Family  Cruciferae. — Flowers  aotinomorpbic  ;    calyx  or  two 
TWO-MBRors  WHORLS  ;  corolla  TETHAMKROUS  ;  andrcecium  consisting  uf 

AN  OUTER  WMOllL  OF  TWO  SHORT  STAMCU 
AND   AN    INNER  OF   FOL'K   LONG    STAU£NS  DB- 

I'osE!)  IN  PAIRS  ;  gynteciiim  always  dimer- 
ous ;  ovary  omoED  by  false  dissef[hents 
INTO  TWO  LOCULi.  Fruit  rarely  indehiscenl, 
usually  a  capsule ;  SEEDS  without  ENDO- 
SPKRU;  embryo  curved  (Figs.  476-479). 

The  Onu-iferae  are  glabrous  or  hispid  hcrhi 
{rarely  small  shrubs)  with  entire,  toothed  ( 
lobed  leaves.     The  white  or  yellow   dowei^    i 
rarely  red  or  violet,  are  generally  email  i 
aggregated  into  racemes,  usually  without  bracta  and  bracteoles.     "Hie  j 
flowers  of  the  inflorescences  develop  so  gradually  in  acropetal  succM-  | 
sion,  that  frequently  the  ripe  fruit  is  already  ]>roduced  at  the  base  of 
the  raceme  while  the  apex  of  the  axis  with  its  undeveloped  buils  it 
still  in  process  of  elongation  {f.g.  Cafsdla  bursa  jmsloris).      AUhoo^b 
Che  colour  of  the  petals,  and  also   the  nectaries  at  the   base  of  ibe 
stamens,  iindoubteilly  represent  an  attractive  apparatus  for  insects,  felf- 
poUi nation   is  of   frequent 
occurrence    in    this    order. 
The     capsules     are     either 
much   longer    than   broad, 
and  are  then  distinguished 
as  SILIQUA:,  or  they  have 
the    form    of    short    and 
broad  silecula!  (Fig.  478). 
Indehiscent  fruits  (Fig.  479) 
occur    less    frequently. 
They  are  often  lomentace- 
ous  in  character  and   sep- 
tated  transversely  by  false 
partition  -  walls,      breaking 
when    ripe    into    a    con'e- 
sponding    number   of    seg- 
ments.     A    fmit    of    this  fw.*' 
nature  is  termed  a  jointed 
SILIQUA.      The    two   forms 
of  fruit,  dehiscent  and  in- 
dehiscent,  do  not  differ  essentially  in  structure :  both   are  sometinMs 
borne  by  the  same  plant.     Many  Vmri/eme  contain  a  pungent,  iiitix^ 
genous  or  sulphurous  ethereal  oil,  which  exists  in  an  uncoiubincd  sutr 
in  the  vogelative  organs  (e.g.  Horse-Kadish),  but   in    the    se«da  i<.f. 
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Miiatani  seeds)  it  is  combined,  occurring  in  combination  with  other 
aubBtanceB,  from  which  it  ia  freed  in  the  presence  of  water. 

Tbe  diviaioQ  uf  the  Cnici/trae  intu  nub- families  [ir«sents  great  diflicnltie^. 
The  old  cUsBification  proiHued  by  LiKsii's  U  now 
regsr<led  as  too  aitilioial.  According  to  the  natnre  of  tlii' 
Triiit,  LinnieuB  Grat  diatintjuiahed  the  two  groups  Sili- 
i/tunat  mA  Silioilvtae :  these  he  further  divided  into 
Siliqtuaaa  nucammlaetae,  with  jointod  siliquEC,  aud 
Silieul«Mt  HucafiunfrKxae,  with  indehiscBiit  fniita.  The 
SiliaUomt  dthitntntet  were  afterwardii  divided  by  A.  P. 
□K  Candolle  intit  S.  laliMptae,  with  Lroad,  und  S. 
angiutiteptat,  with  u&rrow  dinsepimenta. 

Another  clossifiotioD  frequently  employed  at  the 
present  time  ia  that  of  de  Cahpollk  basul  on  the 
[■onition  assumed  by  the  embryo  witliin  tlie  newlB— 0) 
yolorhixeat :  cotyledona  flat,  witli  the  radicle  lying  on 
the  aurfaoe  of  one  of  them  ;  diagram,  Q II.  (2)  Orihop- 
liuMu :  cotylodonB  folded,  tho  radicle  lying  in  Ihe  groove 
of  one  of  them  ;  ■diagmm,  Q  »•  (')  Plmrorkisiae  : 
radiclo  lateral  to  the  two  cotyledons  ;  diagram,  Q  =■ 
(4)  Spirolobeae :  cotyledons  spirally  rolled  ;  diagram, 
Q II  l|.  (5)  Dipbeolobcae :  cotyledons  doubly  folded  ;  diagram,  Q  II  li  II  |i,  Phanti. 
lias  lately  adojited  a  more  oataral  claiisiGcatian,  in  which  different  organs  (stigina, 
nectaries,  dissepiments,  liur-i]  are  taken  into  oonsideretion.  The  old  classifica- 
tion of  Li>'N«uii  and   dr  Cakdolle  lias  been  used  on  account  ot  itn  greater 


afa«I(nlun 
(nhuvi    or- 
r).    (jUl«r  Wduidui.) 


BeI'HBbemative  Gbneea.  — (1)  Siliquome  dthiaxntti:  Cardami-nt  (Bitter 
CressJ,  with  elastic  valves  ;  Arabin  (Rock  Cress) ;  Barbarta  (Winter  Cress) ;  Kat- 
turlium,  in  some  case!)  with  abort  sitiiilue  :  Chtirantha*  (Wall -flower) ;  Uallhiola 
(Stock) :  Su^mirium  ( Hedge -MuslArd) ;  Eryiitnum  (Treacle- Mustard) ;  Sratika; 
5iiiii;>ia  (Mustard).  (2)  SHiquimar  lomeiUiueae :  Crainbt  (K*h),  CiU-i7<  (Sea  Rocket}, 
both  alranil  plnuta ;  Jtapkanvt,  the  siliqua  of  the  Garden  Radish,  E.  tativut,  is 
spongy,  not  dividing  into  scgmeata  when  ripe  (Fig.  477). 

(3)  SiliettlonK  dthiteenUt  latitrptn* :  CoMatria;  Driiba 
(Whitlow  Oroaa),  siltculte  lanceoiutv,  somewhat  oom- 
[irossed ;  Alyuttm;  Lmtana  (Honetty),  silicule  very 
brood  and  Hat,  with  long  stalks ;  Camtlina  (False  FUx). 

(4)  Siliculoaat  ddiiietnle*  aiu/nfii*tiilae :  Thlat/fi  (Penny 
CressJ,  siliculv  flat,  circular  or  cordate ;  Iberia  (Candy- 
tuft), the  racem™  are  corymlwae,  with  marginal  flowers 
slightly  lygoiiiori'hic ;  Cajitilla  (Sheplietd's  Pnne), 
ailiculK  triangular:  Lepidium  (Peppentort).    (6J  Siliai- 

Fill.  *7'/—l.  fnill  of  ■  SU*-   lame  naaiTneitljiceaf :  lialit  (Woad). 

(ulwi   IwofuQM   (.v«Ho         Oii)oiiAi.HicAt.  DlsTBIBtiTioN.— The   Crtieifenu  are 

u!rtUu>"'lon^iiStiial'"aHs   "'•''^y  found  in  the  North  Temperate  Zone,  growing  in 

Hull.    (AR*r  WiHiiiui,)      'I"  ■"o^t   varied   situations,     Ci>LTIVatri>   gi-k-iu  of 

tbia  order  are :  il/iumW  oltraota,  the  Cabbage,  in  numer* 

oils  varieties  ;  tbe  primitive  form  givws  wild  along  the  coast  urWeatem  Europe  ; 

Bratnea  Naput  vat.  oUifem,  Kajie  ;  var.  Napobnutica.  Turnip  Cabbage  ;  Smuita 

Rnpn,   Turnip;   var,   uleifira,  Coira;  B.    nigra,   Bhick   Uuntard ;   Sinapis  alba, 

White  MuHtiird  ;  Lrpidiitm  laliimiii,  (iarden  Cress  ;  A'aslurtiain  lifflcini'lr,  Water 


HoTBe'Rodish  ;  BapAanuii  aalivas.  Garden 

Camtlina  aativa,  Oil-geml  or  FUae  FUx. 

OrplclNAL,  — Braatiax      nii/m. 
Black      Mustard,      yields      Ssunt 

SlNAPIB.      HrRBA   CoCHLKAB 

taiui4l  from  the  herbactKjns  p«rti  tt 
Civhiearia  ngidjialia,  Scurry  Otiui^ 
A  glabroiiB  herb  growing  wild  on  tlu 
>,(!a.-coa.st,  bearing  white  flower*  and 
gluboHe  iiilicula. 

FHQiily     CappaiidaoMM.  — Flowi 
ii!iiiiLl!y  zvuoHonpHii; ;   perianth  ai 
the    Criiaferac ;    andrcEctum     *  -  i 
gyna'cium    2  -  eo  ;     OTABT    STALKBD) 
SEKllS      WITHOCT     ENDOSPBRM.        Herb*, 

and  shrubs  of  the  warmer  am 
T}ie  flower-buds  of  Capparii  jp><u«E 
Mediterranean   shrub,   are    fiunitiar 

caiiorB  (Fig.  480). 

Family      Fumarlaeeas. 

Flowers  transversely  ZYooMoa- 
puic  ;  calyx  dimerous  ;  corolla  li 

Fi.!.lSll.-r.in«rf>.,rin(-u.   LFloworliigbriiucli;    TWO    DIMKBOUS    WHORLS;    andns- 

(Ait^wo^i^  )"""*  '"  ^''"""''  '^*'™'   ciiim   usually  consisting    of  rVfO 

TRIPAETITK    STAMEN'S 

dimerous;  skkds  with  endosperm  (Fig.  481). 

The  plants  included  in  this  family  are  glabrous,  often  g^ftncow 
herbs  with  divided  leaves.  The  flowers  are  disposed 
inflorescences  with  both  subtending  bracts 
and  bracteoles,  or  In  some  cases  with  bracts 
only.  One  of  the  two  outer  petals  and 
sometimes  both  are  prolonged  into  a  Epur 
(f.g.  Fwiuiria,  Curydalig).  The  ANdrcecium 
of  Ilffjiecoum  consists  of  2  +  2  stamens.  The 
otlier  genera  have  two  tripartite  stamens 
insert«d  opposite  the  outer  petals  ;  the  central 
filament  of  each  group  bears  a  perfect  anther, 
the  two  lateral  filaments  only  half  an  anther 
each  (Fig.  481,  b).  The  modification  from 
the  nonnal  type  exbibitetl  in  such  andrcecin 
is  due  to  splitting  and  displacement  of  the 
stamens.  The  two  lateral  filaments,  with 
their  bil ocular  anthers,  represent  distinct 
halves  of  the  inner  stamens,  that  have  be- 
come adherent  to  the  stamens  of  the  outer 


(vi.) 


The 


lajorily  of  this  aniHtl  family  aj 


g  of  the  North  T* 
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Dittntra  tpeOabUit,  with  >   two-Bpunwd  corolla,  ia  a  well-knowD  omaniciital 
Family  Papaveraceae. — (lowers  actinohorphic  ;  calyx  dimerous; 

COROLLA    CONSISTING   OF   TWO  DIMEROUS   WHORLS  ;   andnecium   POLY- 

MEROrS  ;    pistil    TWO-   TO  SIXTBKN-MKROUS  ;    SEEDS  WITH    ENDOSFBRH. 

Herbaceous  plants  with  stiff  hairs  and  LATEX  VESSELS  containing  a 
white,  more  rarely  a  yellow,  orange  or  red  latex. 

The   flowers   are  usually  lai^   and  beautifully  coloured,  either 


fniit  befon,  »hl 


solitary  or  clustered.  The  fruit  is  always  a  many-seeded  capsule, 
sometimes  resembling  the  pods  of  the  CniciffTae,  but  without  false 
dissepiments  (Fig.  482). 

Ax  examiiUs  ol  tliix  family  may  be  cited  Chelidimium  (Celandine),  with  orange- 
coloured  Ut*x  anil  Mliquoee  fruit;  Papavtr  {Pop|.y),  witli  white  latex.  Iii  thU 
laHt-naroed  genus  the  fruit  ia  an  incom|ileti'ly  septated,  jioljlneroua  capsule, 
opening  at  maturity  by  valves  just  btlow  the  rayed  stigiua. 


522  BOTANY  fait  n 

Geographical  Distbibutiox. — The  Papaveraeeae  constitute  a  small  fiunilj 
restricted  almost  entirely  to  the  North  Temperate  Zone. 

Poisonous. — Papaver  9ommi/erum  (Opium  Poppy)  contains  in  all  its  organs 
a  poisonous,  milky  latex.  It  is  an  annual  herb  with  glabrous,  somewhat  glaucou 
stems  and  leaves,  and  is  cultivated  for  the  sake  of  the  oil  accumulated  in  the 
seeds,  also  for  the  latex  obtained  from  the  unripe  capsules ;  the  latex,  cm 
hardening,  constitutes  opium.  The  leaves  are  sessile,  irregolarly  incised  and 
toothed.  The  flowers  are  solitary,  borne  upon  a  long  stalk  with  bristly  hairs 
(Fig.  4S3).  They  are  nodding  while  in  the  bud,  but  become  afterwards  erect; 
they  hare  a  fugacious  calyx  and  white  or  violet  petals  with  crumpled  estivation. 
The  fruit  is  a  broad  capsule  more  than  6  cm.  in  length,  enclosing  numerous 
reniform  seeds  of  a  white  or  violet  colour.  Other  species  of  Papaveraeeae  are 
also  toxic,  but  in  a  less  degree. 

Officinal. — Paparcr  somni/erum,  yielding  Fbuctts  Papaveris  ixmatcbi. 
Semen  Papaveris,  and  Opium. 

Family  Basedacaaa. — Flowers  zygomorphic,  perianth  consisting  of  two-  to  eight- 
merous  whorL$ ;  i>etals  deeply  fringed.  Sexual  organs  usually  borne  fFOX  A 
GTNOPHOBE  ;  Stamens  three  to  forty  ;  carpels  two  to  six,  fbee  or  uxitxd,  fonniag 
a  unilocular  ovary  open  at  the  apex.  Herbaceous  or  shrubby  plants,  chiefly 
Mediterranean,  with  small  flowers,  e.g.  litsfda  luteola  (Dyer's  Weed),  Ji,  iutm 
(Base  Rocket),  H.  odorata  (Mignonette). 

There  is  cousiderable  uncertainty  as  regards  the  systematic  position  of  the 
plants  included  in  the  family  Restdaceat ;  they  are  considered  to  be  allied  to  the 
Capparidciciac. 

Order  7.    Cistiflorae 

Flowers  hypogynous,  generally  actinomorphic  and  hermaphrodite. 
Calyx  imbricated  in  the  bud  ;  the  whorl  of  the  perianth  and  androecium 
typically  i)entamerous,  but  the  androecium  often  polymkrol'S  bj  the 
division  of  the  stamens ;  g}'noecium  usually  three-  to  five-merous,  and 
syncarpK)us  ;  ovary  unilocular,  with  parietal  placentae,  less  frequently 
multilocular ;  ovules  for  the  most  part  anatropous ;  embryo  usually 
straight 

The  Cistiflorae  form  a  somewhat  artificial  order ;  they  comprise 
families  which,  in  most  cases,  have  been  previously  assigned  to  different 
systematic  positions.  The  flowers  exhibit  the  regular  Dicotyledonous 
type  or  a  modification  of  it,  resulting  from  the  division  or  suppression 
of  some  of  their  parts,  but  without  at  the  same  time  showing  any  uni- 
formly occurring  characteristics  of  general  significance.  There  is  more- 
over in  this  order  no  predominant  type  about  which  the  less  distinctive 
forms  may  be  grouped.  Many  of  the  Cistiflorae  show  an  affinity  to  the 
Jiesedaoae,  and  through  them  to  the  Bhoeadinae ;  others,  in  particular 
the  Ternstroemiaceaej  to  the  Cdumniferae ;  and  some  are  allied  to  the 
Passiflorinae. 

Family  Clstaceae.  —  Flowers  actinomorphic,  with  NUMEROUS 
STAMENS ;  g}*noecium  three-  to  five-merous ;  ovary  usually  unilocular. 
with  parietal  placenta ;  style  SIMPLE ;  OVULE  ATROPOUS  ;  fruit  a 
capsule  ;  seeds  with  endosperm  ;  embryo  curved. 
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i  Btnall,  chiefly  Meditfirnuctiu  family  of  woody,  or 
more  nmly  herbaceous  plants,  vith  simple  leaves ;  e.g.  the  European  Bock  Bose, 
Etliaathtiitum  valgare,  a  small  nodenthrub  witli  yellow  flowera,  found  growing, 
like  other  Cittaceaa,  in  dry,  sunny  situations  (Fig.  4S4). 

Family  Droseraceae. — Flowers  actinomorphic,  with  five  Etamena; 
ovary  ijsimlly  miiiocnlar,  with  parietal  placentie,  STYLE  DIVIDED. 
Fniit   a   ca[>snle ;    seeds   with   endosperm.      Herbs,    with    irritable, 

GLANDULAR  CILIATED  LEAVES. 


The  Drotraxear  are  widely  distributed,  und  are  all  oamivoraus  planta,  t.g. 
Drotem,  rolnndifolia.  Sundew,  growing  in  boggy  ground  {tf.  p.  21S). 

Th«  families  KtfrMhaarae  and  SiimKfitiaceae  are  regarded  as  allied  to  the 
IfriiMraeeae,  and  comprise  likowise  carnivorous  [ilanta  ;  their  leaves  are  wholly  ur 
in  p«rt  roodifled  into  pitohcn  (r/.  p.  216). 

Family  Vlolaceae. — Flowers  acttnomorphic,  or  more  FREQUENTLY 


ZYOOMORPHIC  ;  stameoB  five  ;  ovary  unilocolar,  with  psriet«I  pUceabe, 
STVLE  SIMPLE ;  seeds  album  in  oiis,  witb  straight  embryo  (Figs. 
485,  486). 


The  fimiily  includes  herbs,  shruiis,  snd  trees,  frequently  ' 
large  stipules 


thougli  t 


th   learcs  ha  Hug 

it  is  Ti^firBwDted, 

by  a  large  niunber  of 


a  all  I 


r.  tb« 


Violet,  Pansy  or  Heart's-i 

aivajB      axillary,       xygatBot^hic 

llowera  n-ith    the     snlrrior    petal 

prolonged    iolo    a     holloir    ajioi 

vDclosiug      Hpur  -  like       iMctanal 

appendages    of    the     two    lovcr 

Btamena  (Rg.  466,  B.  nt).     Han; 

epecies  of  Viola,   in  addition  tir 

the  conspicuoua  fiowei?  proiidHJ 

:ariea    and   adapted   to 

imect •pollination,    bear   olei*b>- 

boney  and  srit  self- pollinated  [c/.  p.  2S&).     Tht 

well  equipptd.  are  very  ofl«'n  sterile. 


penljtent  pcUL^. 


gamons  flowers  which  contain  a 

entomophilous  flavrers,  although 

OrFiciSAi..  —  Hkrb*     Viui.A 

TUicoLOBiB  in  obtained  frDni  yioi 
Iriealor. 

Family  Hypepicaceae.— 
FlowiTB  actinoiuorphit, 
Btamons  three  or  five,  dkeply 

DIViDKIl        INTO       NlTrtBBOUS 

BiUNCHl':;s ;  ovary  unilocular 
or  multilocular,  with  parietal 
placenta  and  free  styles : 
seeds  without  esiiosi'KKM. 
Leavks  oppositk,  di>tt>:ii 
WITH  oiLtQLANDS  (Fig.  487). 

Mcmlwrs  of  this  family  are 
found  widely  distributed  iu  both 
the  tempnrat*  and  wanner  lones. 
Many  apecies  ol Hii]iericum  (t.j,  the 
eommon  St.  John's-wort,  H.  pur/or- 

Faniily  Clwlaeesa.  —  Flowers 
PKCCluL'a,  with  numerous  stamens. 
Ovary  mulUcarpellary  ;  stigma 
rayed.     Woody  pUnla  with  hehin    ' 

OR  OCX-KBS:»  UANAl*. 

The  CltaiiuMU  aru  reproaented 
in  the  tro|iical  forests  by  numerous  arhorGscent  forms,  of  wtuob  somr  {Clmtla)  ai 
eiiiphytio.     The  Iruit  (niangosteen)  of  Qarcinia  Jtanffoilana,   found   i      ~ 
India,  is  highly  prized. 
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PolBOKol's. — Tile  )(iim -renins  of  several  flpecie»  of  this  fumUy  me  very  poisDUOUn. 
Officinal.— The  dried  gura-reBin  or  Qarciitin  ilorclla  (East  Indies)  yields 

F«mily  TenutrMmiftceac.— In  Camellia  and  Tkta,  perianth  acyclic,  braC' 
TB0LB8  GRADUALLY  BF.cuMiKO  iNiiisriNQUiHBABLE  FROM  sBPALs ;  andriEcium  and 
gynmcinm  polymeroua,  ovary  multilocnlar.  Woody  plants  without  resin-canals 
(Fig.  488). 

This  fiunily,  which  is  allied  to  the  preceding,  coatiists  cIlieDy  of  tropical  evvr- 
green  trees  and  shrabs  {e.g.  Camellia  japtmiea). 

OmciSAi,.^rAM  cAiTwijiris,  the  leaves  of  which  when  dried  oonstituto  tea, 
FuLtA  Thbar,  is  a  ahiub  with  leathery  leavw  and  white  lluwi^ni  (Fig.  46S).  It  is 
indigenous  to  China,  where  it  is  largely  cultivated,  as  also  in  the  East  Indies. 

The  order  Cistiflorae  contains  also,  in  addition  to  others,  the  following  families ; 
Slalinaeeat,  small  water-plants  with  incouspicuoua  Sowers  ;  e.g.  Blatiiu  hexandra. 
Water-wort.  Tamaricaecat,  shrubs  with  scale-like  leaves  and  small  flowers 
aggregated  in  racemes  ;  i.g.  Xyriearia,  Tamarix.  Dipteroearpaeeat ;  this  family, 
which  has  taken  its  naoio  ftata  the  large  wings  attached  to  the  fruit,  consists 
wholly  of  tropical  plants.  From  the  species  olHopsa  the  ofieiaal  RlislNA  Damkar 
is  to  some  extent  obtained. 

Order  8.  Passiflorinafi 

Flowers    •otinotuorphic,   mostly    iTJiiOYSors  or   F.i 
andrceciom  with  varying  number  uf  parts  ;  gynieciuni 
TBiUEKOirs  ;  styles  generally  fhee  ami  bifiu;  ovary 

rXILOCULAIl,  with  FABIBTAL  PIACBNT*. 

tt  is  difficult  to  point  to  characteristics  separatiiig 
this  order  from  the  preceding ;  both  are  frequently 
anited  in  the  same  group. 

Family  PauiflaracMM.— Flowers  pekiovkoun,  with 
orToaowTHB  OF  THE  FLOWEK-ASIB  (corooa  aiid  disc) 
1ietw*een  the  perianth  and  andruvium.  Calyx,  corolla, 
and  andneciutn  consisting  each  of  fire  members ; 
j^J/nveivm  VHBgtTBNTLV  bobsb  on  a  qysophobe,  bu 
elongation  of  the  axis  (Fig.  489). 

The  tn^ority  of  the  Panifiuraceae  are  teudril- 
oliDihors,  with  large  beautifally- coloured  flowers, 
Eape«ially  characteristic  of  the  Sowers  of  many  species 
of  Pa*liJlOTa  is  the  presence  of  a  filamentons  corona 
accompanied  by  luceeasive  rings  of  filaments  repre- 
•enting  a  disc.  The  members  of  this  family  are  for  llie 
most  part  indigenouH  to  the  Tropics,  where  many  s{iecies 
are  prited  for  their  edible  berries. 

The  tropical  family  Caritattae  is  closely  allied  to 
the  Paisijtirraeeat.  The  latex  of  Cariea  Papaya,  the 
Papaw,  contains  a  proteolytic  ferment,  papain. 

Family  BagottlaoMa.  —  Flowers  EPiOYHors,  uki- 
SRXUAL ;  the  male  with  perianth  consisting  of  two 
DIltlBOUl  WBOBLS  ;  the   female   with  simjile   penlameroiia  perianth 

IHDBFIKITX,  OFTRH  UHITED  J  OVSTy  three-Sided.  TRILOCV 


The  Btgoniaeeae  are  succulent  tropical  herbs  c 
"I  heart-shaped  leavps.     The    " 

•2  g  3 


I      naoally  somewhat 


climbing  plants,  with  nlitii|Ur 
which  are  l-.<i 


hite  X 


or  red.  are  clustered  in  loose,  dichasi&l  infloreBcencea.     MaD7  species  M«  fiwilliw 
ae  ornamental  plants. 

Tu  the  PaMifioTiimt  bulong  also  the  Lofuateae,  t,  tropical  American  Isuiilf 
consisting  for  the  most  part  of  harbacooua  climbers,  often  having  stingilij; " 
A  few  species  are  ciiltivsted. 

Order  9.  Opuntinae 

With  the  single  family  Cact&ceae.  - — ^Flowers  epigj-noua,  actioo- 
morphic,  hermaphrodite;  perianth  and  andreeciumACVcuc;  gyncecium 
consisting  of  a  large,  indefinite  number  of  carpels  ;  ovjiry  v^a- 
LOCULAK,  with  many  parietal  placenta  ;  ovules  with  long 
funiculi;  fruit  a  berry.  Heibaceous  and  woody  plants,  with  fleshy 
axes  and  uBually  reduced,  thorn-likb  leaves  {Figs.  490,  491). 


In  many  Cactai-ea^  {.]fnmillarui)  the  assimilatory  vegetative  systMB 
IB  reduced  to  an  angular,  cylindrical,  or  spherical  axis,  entirely 
destitute  of  foliage-leaves ;  in  other  Vudai'fae,  again,  the  assimilatory 
organs  are  represented  by  a  system  of  branching  axes  which  may  be 
prismatic  (Cerens)  or  flattened,  either  hand-shaped  (EjnphgUtan,  fig. 
400)  or  ovate  (Opunlia,  Fig.  491),  The  clusters  of  spines  occiirring  08 
ibe  axes  represent  in  most  cases  reduced  leaves,  ftireskia  is  the  only 
genus  possessing  well-developed  foliage- lea\'es. 

Peculiar  as  the  general  appearance  of  the  Cactaceae  is,  it  is  not 


PHAKEROCAMU 


B2T 


■Jistinclivelf  characteristic  of  this  family  alone,  as  some  of  the  Euphar- 
biaceae  and  jlseUptadactae  poBaess  a  similar  habit 

Gedgbafuical  Distbibutios. — The  large  family  of  the  Cartaaae  \&  restricted 
Xa  the  wsnaer  countries  of  Amvriea.  Like  most  succulents,  the  plants  of  tliis 
group  ore  topically  leropUiloUB,  ftltliougll  they  occasiouallj  occur  an  epiphytes 
un  the  dry  b«rk  of  trees  in  damp  forests.  They  attain  their  greatest  development 
iu  tlie  dry  regions  in  the  south-westvm  ]iiirt  of  Nortli  Aaierica,  where  the  columnB 
of  the  Monument  Cactus,  Cereia  gigarUetu,  with  their  candelabra- like  branches, 
tower  20  tn.  high  above  the  naked,  rocky  soil.  They  are  especially  {irevalent 
in  the  high  table-landi  of  Mexico,  and,  extending  almoiit  to  tlio  snow-line,  exhibit 
the  moat  aatouisbing  divareity  of  fonn.  One  species,  Opitnlia  jfcu*  indiea,  with 
odibU  bcrriei,  has  escaped  Trom  cultivatiou  in  the  neighbourhood  of  the  Uedi- 
terrsnean,  and,  like  the  American  Agnvt,  has  beuome  so  common  that  it  is  now 
■  characteristic  plant  of  that  region.  It  is  on  this  plant  that  the  Cochineal 
insect  is  cultirated.     The  CorfaMnr  are  largely  cultivated  as  hot-hou-io  and  window 

Order  10.  Columniferae 

Flowers  hypogynous,  hcrmaphroilite,  actinomorphic,  with  valvat* 
calyx  antl  pentamerous  perianth  ;  stamens  usually  MONADEi.PHous, 
although  typically  five  in  number,  becoming  indrfinite  by  division  ; 
carpels  3  —  w  ;  ovary  ayncarpous,  SEKTATE,  corresponding  to  the 
Dumber  of  carpels. 

The  andrujciura,  in  particular,  is  characteristic  of  the  Columniferat. 
In  some  forms  It  is  coDstnicted,  according  lo  the  Dicotyledonous  type, 
of  two  pentamerous  whorls ;  but  in  the  majority  of  cases  one  whorl, 
OBUally  the  epiaepalous,  is  suppressed  or  replaced  by  staminodia, 
while  the  other,  in  consequence  of  the  division  of  the  staminal  rudi- 
ments, consists  of  a  larger  number  of  members.  In  addition,  the 
filaments  of  the  stamens  in  most  Ci'liimniffTOf  are  united  into  a  longer 
or  shorter  column,  or,  more  appropriately  described,  into  a  tube, 
whose  derivation  from  the  tive  or  ten  original 
rudiments  is  only  recognisable  after  investiga- 
tion of  ite  mode  of  development  and  a  comparison 
with  allied  forms.  A  division  of  the  carpels,  /  S 
similar  lo  that  of  the  stamens,  is  also  of  frequent  1  | 
occurrence  In  the  gynoecium.  ' 

Family  Tiliaceae. — Sepals  fbek;  petals 
VALVATE  in  the  bud ;  stamens  usually  immer- 
ona,  FREE ;  anthers  iNTRoftsK,  dilhecious ; 
pollen-graina  NOT  SPINY  (Figs.  402,  493). 


s.  4St.  —  Taiaim.     nonl 
•liBKniii    iTXUai.      (ARrr 


The  Tiluiftae  are  for  the  most  part  woody      „„„„„, 
plants,  with  toothed  or  lobed  stipulate  leaves. 
The  flowers,  which  are  adapted  to  insect-pol  I i nation,  are   united  in 
eluslers,  and  produce  a  dry  capsule  or  an  indehiscent  fruiu 

The  andrtEriuin   eunsists  in  some   Kpecies  of  two   |<entumeriiiiN  whiirU,   tliua 
■seuting  the  ]>rimitivB  ty|H>  fi-om  which   the  more  compliL-iited  andrteeio  of 


'J 


other  foriiui  have  dpTaloptJ.  Sometimes  by  the  supprtMion  of  one  whorl,  eiih« 
tlie  epiiteUloua  or  the  epiijepalana.  tho  niuubcr  of  atamens  in  reduced  to  five, 
other  instauces,  one  whorl 
prsBented  by  Btamioodia. 
most  cas<>B,  however,  the  ntunbit 
of  Htsimana  ia  tndefmit« 
aeqilence  of  B  division  of  tlw 
Ktaniitial  rudiments  eitcnding  U 
their  very  base,  the  st&Dienii  Udog 
groupi^  coiTospondinglj  in  eilhtf 
five  or  ton  bundles, 
forma  they  are  Dnited  at  Ihf 
luse,  jiiat  OH  in  the  Mattamu, 
but  the  andrcecia  of  the  Tiliavat 
are  always  distingHiahsble  by 
their  dithecious,  introise  anthftl 
iind  smoother  jMllen-grains.  Tb) 
stamens  in  some  ajiecies,  agtin, 
art  iu  part  tranafonned  iaW 
petiloid    BtaminodiK   {t.g.    Tili» 

Thia  fsniily,  which  ii  chiefly 
tropical,  ia  reprcKnUd 
notthcm  regions  only  by 
gi^nns  Tilia,  variotisly  kt 
under  the  name  of  Linden,  I 
wood,  or  Lime-tre«. 
have  two-ranked  lea vm  with 
Fio.  Mi.— Tilia  ;iariVUiu.  A,  InRarsKgnce  (a),  with  stipules,  and  flowers  ii^gregatiid 
hypMpliyll  6  (n«t.  Au).    B.  LOTigHudinal  »«llon  of   £„  ^  cymoso  lUnliel.      The  almilft 

il.[a.licli!.-0fwc/.«ji,'(An(TBtBomd'8eHmt>t,)'  adnate  to  an  elongated  hyr»- 
pljyil,  dilferiug  from  tlie  foliig*' 
leaves  (Fig.  4B3]  both  in  ita  yellowish  colour  and  nhapci,  ~' 
stamens  are  developed  from  five  episepatons  rudiments,  and  in  older  flowcn  u* 
distinctly  grouped  in  hve  bundles.  The  ovary  is  hairy,  oontaJus  two  ovnlca  il 
each  of  the  five  loculi,  and  ripens  into  nu  indebiscent 
fruit  with  a  single  cndospcrmous  seed.  Tilia  jmrvifolia 
has  five-  to  nine-lluwered  iufloreseences  and  heart-shaped 
leaves,  nbioh  aro  beset  on  the  under  aide,  in  the  angles 
of  the  nerves,  with  brown  lufta  of  hair,  but  otherwise 
are  glabrous  ;  the  large-leafed  Linden,  T.  grandifolia 
( T.  plaiyphylint),  has  leaves,  hairy  on  the  under  aurface, 
and  three-  to  five-flowered  inflorescences.     The  flowers 

of  T.  lainetUota  have  five  white  sttuninodia  resembling   p,n.    «4.^s((r»«tt««*K 
the  petals.  Flonl      dlKCtwu     |T1» 

OfFioisAL. — Both  Tilia  parri/olia  And  graadifolia,  tramay  linrt 
yielding  Fi.ores  Tiliae. 

Family  BtaronliaoNLa. — Flowers  olten  apetalous  ;  calyx  ciAiiosEpAl-ors 
coKTiiRTED ;  stamens  usunlly  Kor  vnnv  NtrjcBROCS,  monadelpboua ; 
BXTKORBE,  DiTHECiors ;  polUn-gTaing  not  often  spiny  (Figs.  494-496). 


PHANEROOAMIA 


TIiH  aDdnecium  of  this  fttmilj-,  unlike  that  of  the  Tiliacmr..  is  alwaja  nion- 
ideljihoUB,  It  rfisembles  in  thia  respect  the  andmcium  of  the  Malvaetat,  lioni 
which,  altbough  lonetimeB  only  distingiiiBbable  bj  the  dithecioua  anthere,  it 
diOers  in  bnving,  us  s  mle,  ti  muoli  Hoiallor  Dumber  of  atamens.  The  eptaepsloua 
■(amena  are  never  fertile,  but  are  either  atanijnodial  or  suptirosaed. 

The  Slerculiaecae  axe  almost  esclnsively  confined  to  the  Tropica,  where  they 
are  constantly  met  witlk  either  as  herbaeeous  plants,  ahrubs,  lianea,  or  trees, 
nneabsaiing  fiawersofn  peculiar  and  unuaual  form.  The  only  plant  in  this  group 
of  value  to  man  ii  the  Cacao-tree,  Theobrmna  Cacao  (Figa.  4B5,  496),  a  small  tree, 


Pin.  4M.— neabvwa   CMnm. 

tnU.  \  S,  a  timtt  cut  chrougb  loiiKltudliially ;  t.  n 

OrrKiKti.    (Arur  WcMau.Lo.)  ScimiDT.) 

originally  nstiw  of  Heiico,  bnt  now  cultivated  in  all  tropical 
■mall  floTcn  are  red  in  colour,  and  spring  from  the  cortex  of  the  stem  and  older 
branchea.  The  fruit,  which  is  about  the  aize  of  a  small  cucumber,  and  of  red  or 
orange  colour,  has  a  hard  loDgitadinally- ribbed  wall,  and  coutainii  uumeroos 
dliio-atul{ied  aeedn  embedded  within  its  juicy  fletih.  After  fermentation,  when 
roaated  and  ground,  obacoUte  and  cacao  are  obtained  from  the  aoeds. 

Okfioixal.— The  Beeds  of  Thtahromij.  Camo,  yielding  Cocoa-batter,  Oleum 
Cacao,  Kola  nuts,  whicli  have  recently  been  recommended  for  their  medicinal 
qualities,  are  dorived  IKini  Kola  acuminaCa  (West  Africa). 

Family  Malvaceae. — Calyx  gamosbpalous  ;  petals  contorted  in 
THE  BUD;  ataiuena  numerous,  monadelphous  ;  anthers  extkorse, 
MONOTHECiOUS;  poUeii-grains  spiny  (Figs.  497-500). 


1 


The  Malinceae  are  herbaceous  or  woody  planU,  abounding  in 
mucilage,  anil  usually,  at  least  in  their  early  growth,  covered  vnUt 
matted  woolly  hair  (Fig.  497).  The  leaves  are  polmutely  nerved  and 
frequently  palmately  lobed.  The  funnel  or  hell- 
shaped  flowers  are  cntomophiloua,  generally  large 
ind  beautifully  coloured.  They  are  either  solitary 
and  axillary,  or  grouped  in  terminal  inflorescences, 
and  are  often  provided  with  an  involucre  or  epi- 
calyx,  formed  of  three  or  more  bracteoles  (Fig.  49S). 
The  petals  are  slightly  united  at  the  base.  Tho 
numerous  monotliecious  stamens  are  formed  as  the 
result  of  a  splitting  of  the  epipetalous  whorl,  which 
's  case  extends  to  the  anthers,  while  the  epi- 
:  entirely  suppressed  or  represented  by  toolh- 
like  staminoijia  attaclied  to  the  top  of  the  staminal  tube.  The 
gyncecium  is  often  multicai'pellaiy,  and  gives  rise  to  a  capsule  or 
schizocarp  (Fig.  499,  c). 

RBF  RESENT  ATI  VE  SI'D-FAMILICB. — (1)   MalVfttt,    witli   SchiEOCU-lNiaE   fruit,  ]<tB> 

duced  from  DumeroUB  carpels  srronged  in  a  whorl ;  e.g.  Malva,  with  epimljl 
conHJatiiig  of  thiDB  free  involucral  bruUoUsi  Lavaient,  with  qiinlyx  oT  tlirM 
niiiteil  l)riuitvole»  ;  Althntn,  with  Ejiicajyn  of  six  to  nine  bractvoles  united  at  tbt 


'l.)nl<tlaKn»n(.Unlu<i). 

sepaloua  whorl  i 


Ihilt  (ml.  >1. 


\me.     (2)  Hibimtae,  with  fruit  in   the  form  of  n  I'ajisulc ;  e.g.  ItUfiMH*  (Bom- 
Mallow),  Qoiaifpium  (tlio  Cotton-plant). 

GEDdRAPaiCAL  DisTKiBCTiOK. — With  tlie  iiicL'ptiun  of  tlie  {lolar  Mgioot, 
members  of  the  Mallow  family  are  found  distribiitt'd  over  the  whale  nuth, 
although  clueflj  occurring  in  the  warmer  zones,  AWuifii  rocm,  the  Bollyhnck^ 
HUd  901UC  of  the  bushy  speeiea  of  Hibwcus  are  favourite  ornaniental  pUnts.  Tb* 
a]>eeiea  of  Oossyjiiiiin,  from  which  cotton  ia  ohtained,  are  mostly  slirnba  with  lobal 


iMrra  »nd  bell-shaped  yellow  or  red  tlowera  (Fig.  600).  Tlie  Cotton-plant,  which 
Btill  grows  wild  in  tropical  countries,  is  Urgtly  eiiltiv&ted  in  &11  the  warmer 
reKiotia  of  Asia  and  America.  The  fruit  (Fig.  5D0,  2)  is  a  capsule  packed  with 
white,  yellow,  or  brown  bairs  (cotton),  which  are  attached  to  the  ne^ds  (3),  and 
serve  as  an  aid  to  wind  .distribution  {ff.  p.  281). 

Officikal.— Jfniua  mlijnrii  and  3t.  ntrrjlria  (High-Mallom)  supply  FoLli 
Malvae,  and  Jf.  ailratrii  (Fig.  499)  also  Flokeci  Mai.vae.  The  leaves,  Folia 
Althaeak.   and   the  roots,    R*nis  Althaeak,   of  Allhata   offieinalU  (common 


Fio,  SOO.— 'JoMspJwin  hrrlmi- 
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Marsh. Mallow)  are  used  medicinally,  as  are   also  the  sumo  jwrte  of  Ooiaypium 
<Fig.  SOO). 

The  Hmnbacaetae  are  very  closely  allied  to  Malatctai ;  they  are  a  family  of 
tropical  trev«,  whone  stems  of  soft  wood  are  often  enormously  thick,  and  swollen 
in  tlie  middle  like  a  barrel.  The  flowers  are  unuaually  Urge,  beautifully  coloured, 
and  frequently  zygomorphtc  -,   the  seeds  are  snnietimes  envelo|ied  in  Uing,  eilby 

Order  1 1 .  Gruinales 

Flowers  hypngynous,  liermaphrodite,  actinomorphic,  and  penla- 
merous  throughout,  or  zygoinoqihic,  and  then  often  reduced,  NEVKK 

VfUn    P0I,1i*MEROf8    WHOKIS    FORMED    BY    BrLITTINC ;    staiuens    MON- 

ADKLPHOUH  AT  THE    BASE,   obdiploslemonous ;    DISC   ABSENT ;    ovary 
syncarpoufl,  sKFfATED  ;  inicrojiyle  DlREi.TED  upwards. 


■ 
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The  Gniinales  are  distinguished  from  the  CotumniferiK  by  the 
partially  monadelphous  stamens,  and  by  the  absence  of  splitting  in  the 
atidrcecium.  In  both  ordei^  one  whorl  of  stamens  is  often  suppreswd 
or  replaced  by  staminodia.  The  absence  of  a  disc  and  the  position  of 
the  micropyle  distinguish  the  QnUnates  from  the  allied  order  Ten- 
Unlhiiiae  and  the  Aesi^Uinae. 

Family  Geranlaceae. — Flowers  actinomorphic,  rarely  zygomorphic, 

pentameroua  throughout ;  stamens  five  or  ten  ;  ovary  with  TW"o  ovnles 

in   each  loculua ;  carpels  prolonged  into 

U*  an    AWN,    and    BBCioMiNti     detached, 

,,  V''  .'""  ■  ■    Y  WHKN    KIPE,    FROM    A    PERSISTENT    CltS- 

■,\  TRAL  COLlTifN  (Fig.  601). 

The   Geraimceaa  are    herbs,   or,   in 
warm  climates,  small  shrubs,  with  simple 
leaves  and  usually  with  glandular  hain^ 
3   secrete   an    aromatic   oil.      Tha 
flowers  are  either  axillary  and  solitaij 
or  clustered  in  inflorescences  of  variom 
types,  and  Iiave  usually  a   carmine  or 
crimson  corolla.     The   carjiela   in  nmnf 
species  remain  closed,  and  are  forced  inio 
the   ground   by  the   movements  of  the 
spirally-  twisting    hygroscopic    awn   (f.g, 
Fio  501  — pn  It  of  fv!u      (u    i,i,  ui      t^roilium).     In  most  of  the  large-flowered 
nam,  r.  a.   (AR*'r  Daillon,)  specIes  of  Geranium  the  awns,  in  coilii^ 

contract  with  such  suddenness  that  the 
seeds  are  shot  out  from  the  carpels,  which  rapture  along  the  venlrel 
suture.  The  two  genera  may  readily  be  distinguished,  as  Erodium 
(Storksbill)  has  only  five  stamens,  while  in  Geranium  (Craneabill)  ten 
are  present. 

Geooh\phi(3al  DiSTMBCTiON.— Members  of  tliis  family  tiv  found  widrl)' 
BcsttcrtMl  overall  zones.  Thn  various  epMiica  o( Ftlargmiuia  ( Bowers Ejgonioriihie], 
irliich  ure  so  l&rgely  cultivated,  are  iadjgenons  [n  South  Africa. 

The  TiiopARoLACEAK,  a  small  South  American  family,  occupy  k  lyiteniatiB 
iwaitiou  not  widely  removed  from  the  OeTaniactiu.  They  have  Eygomorphi* 
flowers,  n-ith  eight  staraens  and  three  carpels.  VarioiiB  Bpeoieg  of  Tropattdifm, 
Indiau  Cress  or  so-called  Garden  Naxturtiuni,  are  friKjuentl^  cultivated. 

Family  Oxalldaceae. — Flowers  actinomorphic,  with  ten  feriui 
stamens ;  ovary  with  SEVERAL  OVULES  in  each  ioculus ;  fVuit  » 
capsule.      Herbs  and   woody   plants  with  COMPOUSD    LEAVKS ;  mow 

rarely  with  phyllodia. 

A  chiefly  tropical  fkinily,  of  which  Oxalii  aeelauUa,  tho  comuion  Wood-Somt 
is  a  familiar  representative  ;  its  soui  lAste  is  due  to  the  presence  of  acid  potaniDH 
oxalate. 

Family  Lin aeeae.^ Flowers  actinomorphic  ;  four-  or  fii 


f  stamens  moDadelphoiis,  the  epipetalous  whorl  wanting  OB  STAUIN- 
■   ODIAL;  each  loculus  of  the  ovary  incompletely  halved  by  a  FAISK 
WssEPiMKNT,  aud   having   one  ovule  in 
each  chamber;  fniit  drupaceous  or  else  a  ..'■^^iviVi 

capsule.     Herbs  and  shrubs  with  NARROW,       '  --■~*^'' J»i 

KNTIRE  LKAVKS  (Fig.   602). 

Tlie   only   plant  of 
fAmJly   is  the   Floi,   Li 

uinuat  berb,  native  of  Western  Aiiia,  and  known 
in  cultivation  since  the  earliest  hiiitoric  ages. 
The  flowers  (Fig.  502}  are  blae,  and  borne  in 
cjmoae  inflorescences.  Linen  ia  woven  from  tbe 
■trong  but-SbreH  of  the  steitu,  while  the  seeds 
are  alio  uf  value  on  account  of  the  oil  (liosevd 
oil)  extracted  trom  tbem. 

Offii-'inal.  ^Linum    utitMiinniuoi    fields 
Sbmen  LlM. 

Family    Balsamlnaeeae. — Flowers 
ZYGOMORPHIC,    with  five   free    stamens ;  Fm.  soa.-ifssa  muuHi 

fruit    a    capsule,     bursting     when     RIPK         flower :  B,  UKlntelni 
^  T  T     1  .  I  -1  iivLam ;  C,  caiHale  ifu 

INTO      VALVES.        Herbs      witb      simple       (j,    nat.   dw;    S,  C,    x  ax- 
leaves,  orrmmt. 

Beautifully  flowering  apeuies  of  the  genus  /m;N(Iien<  (Bal.'sani,  Jewel-weed) 
eotutituto  a  large  part  uf  the  herbaceous  vegetatioo  of  tbe  forestsof  East  India. 
/mpatiem  null  lani/tre  and  other  species  of  the  sonie  genua  are  familiar  under  the 
uaoie  of  "  Tnucb-rae-not "  or  Snapweed.  /.  ^rvi;!»r>i  and  /-  Baliamina  are  culti- 
vated ornamental  plants. 

Family   EtTthKiiTlacaaB.  —  Flowers   AiTiNoaiORPiiic  ;   petals   with   a   ligular 


Pn.  ioa.~r<iggiiii. 


appeodage  ;  stamens  ten,  united 


gynawium  moat  frvquently  m 

1  Bolivia  aud  Peru.     Its 


MBRoua ;  fruit  a  drupe.     Tropical  woody  plants. 

Oern:isiiL.^ErythrtKri/luiit  Coca,  a  si 
leaves  (Folia  Coca}  contain  the  alkaloid  cocaine. 

Family  Polygalaceae. — Flowers  ZYtiosioRPHic,  with  incomplete 
WHURL.S,  the  corolla  being  reduced  to  three  petals,  and  the  andnecium 


,  TUBS;  gyDceciura  dimerous;  fruit 


to  eight  stamens  UNITED  INTO 
a  capsule  or  drupe  (Fig.  503). 

The  Polyijalaeeat  include  herbs,  atiruiis,  and  li&nea,  Kith  aimple  leaves ;  ibidf 
are  widely  diHtributed  av«r  the  ichole  globe.  Their  flowers  in  general  sppeaTanea 
aoniowhat  WHemWo  those  of  the  FapilionaiMit,  but  thf  winga  belong  to  the  filyr 
and  not  to  the  Doroua.  The  keel,  however,  ia  a  petal.  The  anthers  open  by  porei. 
Tb«  various  species  of  Milkwort  (Polygala)  are  familiar  represen  la  lives  of  elm 
family. 

Officinal.— The  North  American  Soueca,  Siinkeroot  {Fotifgala  .StTiiga,  fj^ 
SOS),  supplies  the  officinal  root  Sekeoa. 


Order  12.  Terebinthlnae 

Flowers  as  in  the  preceding  order,  but  with  AX  ruTRA-sTAMiNAl 
DISC.  For  the  most  part  woody  plants,  with  ETHEREAL  OILS  which 
occur  in  canals  or  cells. 

This  order  stands  in  close  relation  with  the  Gruinaleg,  with  whicli 
V  sometimes  united.     Tiie  fact,  however,  that  in  the  majority 
of  cases  members  of  this  order  exhibit  speciil 
cliaracteri sties  which,  although  sometimes  moiji- 
lied,     are     traceable     througiiout     the     rarying 
forms  of  the  order,  would  seem  to  indicate  ihrtr 
common  origin.     Thus  the  majority  of  the  Ten- 
Hnlhinae  are  aromatic  woodj-  plants,  with  pinnate^ 
persistent  glabrous  leaves  and  smaU  or  at  molt 
medium-sized  flowers,  whicli  possess  a  fleshy  dite 
at  the   base  of  the  ovary  (Fig,  504,  t),  am' 
disposed  in  racemose  or  cymoee  inflorescenetc. 
They  are  found  chiefly  in  warm  countries,  grow- 
riowor  in«r  iwnovai  of  jj,g  j^  dry  and  sunny  situations. 
wTm^; cJilct/^nw-  Family    Rutaceae. — Flowers   usually  acCiliO- 

tMi\<a:d,mmij;h,at)it:  mopphic  and  lour-  to  five-merous    throughout; 
(Art""r"BErr"«td   f'ta'^ens  '"  °"e  °^  ^"^"^  wjiorla,  sotnetimes 
BcHHiDT.)  result    of  division  ;    numerous.      Woody  planl^ 

rarely   herbs,  usually   with   pinnate    leaves  ui 

WITH  ETHEREAL  OIL  IN  NEAfiLY   SPHERICAL    INTERCELLULAR    CrATml 

(Figs.  504,  505). 

This  largo  family  is  ainiuat  ox cluBiv<<lj  restricted  to  the  warm  xoaea.  TUa  in«nt« 
of  the  Jtutaceac  of  especial  value  to  man  belong  to  the  genus  Citrut,  wluch  dilM 
in  many  nupects  from  the  family  type.  The  Gtrut  .<ii)eaiRi  are  amall,  entgnM^ 
and  olteD  spinous  trees.  Tlie  leaves  are  appareDtly  simple,  hut  in  ntllt;  iT  ~ 
are  compound  leaves  reduceil  to  a  single  leaflet,  as  is  eTident  from  the  pii—wi 
a  Mgmentstion  below  the  lamina,  and  friau  a  comparison  vith  allied  femw.  ' 
white,  fragrant  flowers  have  a  ganioseiulous  calyx,  four  to  eight  thick  Jietab,  «■! 
numerous  atamous  united  in  bundles.  The  fruit  is  a  mnltilooular  borry  wilk  a 
tpathery  oiiti.T  layer  full  of  oil-caritieK.     Tbu  juicy  pulp  consists  of  |ba  Biilar|<J> 


■ihnoniully-devclopi^d  i»rtition- walls.  TIip  seeds  couUiu  nevLTal  advenlitiniu 
embryoa.  All  the  speck's  of  Citnii  are  native  of  tropical  Asia,  but  most  of  them 
an  DOW  Dultivatwi  in  all  warm  countries.  The  mont  imporUint  are— C  vufoarit, 
tbe  Bitter  or  Seville  Orauge  ;  C.  jiarantium,  the  Sweet  Orange  (Fig.  60G) ;  C. 
LimoHU-iii,  the  Lemon  ;  C.  Jiudiea,  the  Citrao. 

Poisonous. — An  incautiaiu  use  of  the  Rue  {RiUa  graveuUm},  a,  popular  tnedi- 
cinal  plant,  has  somutiineB  an  injurious  effect.  The  Rue  ia  an  aromatic  under- 
shrub,  with  twice  or  thrice  pinnate,  glaucoua  leaves,  and  dichasial  Dincinnal 
inflorescences  of  jellow  flowers  (Fig.  &D4]. 

Orni-'iKiLL.—CilTiu  vulgaris  jiieldg  Cobtbx  fbi-'ctub  Auraktii  and  Fructds 
AuBANTII  IHMATCBI,  Oleum  Aubantii  plobum  und  Folia  AijRANrii  ;  CUrus 
Zintonum,  CoBTEX  LtuoNIs ;  Pilotarptia  peniiati/oliua  {Braxil),  Folia  JABuBAtiDi. 


oegLludlnal 


1  the  preceding  family,  but  v 


of  Commiphora  Mf/rrha,  a  small  Eaat  Albican 
,  from  Boainfllia  Cartaii  and  Botufilia  Bhau- 
eHt,  from  Canariyttn  ap.  (Philipjane  Islanda). 

-Like  the  llulacear,  only  without  oil-ci 

vegetative  parts  floutain  bittkr  pbini 


Tropioal 


Family  BnrMT«cefte.  —  Aa  i 
Tropical  trees. 

Officinal.— Mykkh,  the  re 
And  Arabian  tree  :  FkakkiniL'EI 
Dajiann  (Arabia,  East  Africa); 

Family  81 
times  with  nil.Daun 
woody  plants. 

OrrtdSAL.— L 
Jamaica)  and  (/uas 

The  Anin^n11ir<mt  occupy  a  position  between  the  Terebinikinat  (especially  the 
BMneraaae)  and  tbe  Siipindiitae.  They  resemble  the  Hrst  in  appearance  and  in  the 
pcMcaaion  of  resin-canaU  and  an  intra-at&minal  diio,  and  the  latter  in  the  upward- 
direetad  micropyle.  Many  wemhers  of  this  family  are  foimnoitr  plants,  t.g. 
tfas  tpeciea  of  Kku»,  Sumach. 

OrrictHAL.— Uaetii-uk,  a  gum-resin,  obtained  (rom  Pidada  LaUieut  (Madi- 
twruieMi). 


.,  from   Pieraena  exalta  (Weat  Indies,  chiefly 


1 


Order  13.  Sapindlnae 

Flowers  hypogj'iious,  actinomorphic,  or  more  frequently  OBLiQiTKLif 
ZYGOMORPHic,  witii  pentamerous  perianth ;  andr(£cium  usually 
duced,  having  only  EIGHT  STAMENS;  &n  EXTEA-STAMINAL  DISC  com- 
monly present ;  ovary  two-  or  three-merous,  aeptated  ;  ovules  pendulous 
with  micropyle  directed  upwards  and  inwards,  or  erect  wiib 
micropyle  directed  downwards  and  outwards.     Woody  plants. 

This  order  comprises  for  the  most  part  trees  or  lianes  with  deeply 


lobed  or  compound  leaves  and  small  flowers.  The  itiflorescences  are  either  I 
strictly  racemose  or  have  cymoso  secondary  axes.  None  of  the  species  I 
of  this  order  contain  aromatic  oils  ;  all  aie  apparently  entomophlloui. 

Family  Aceraceae. — Flowers  actinomorphic,  asually  with  eigbt  J 
stamens  ;  ovary  bilocular,  having  two  ovules  in  each  loculus ;  frail  ■  I 
WINGED  BCHizoc^ARP  (samara)  ;  leaves  Opposite  (Fig.  506). 

Thia  family  consiata  jirincip«lly  of  thu  genm  Acer  {Maple),  whose  b 
apecies  iuhabit  chiefly  Ihe   North  Temperate  Zone,  particularly  of  i 
campaln  (Fig.  BOS),  a  frequently  cultivated  European  apecitw,  lias  palin»t«ly  lobei  m 
leaveB,  and  erect  cynose  umbela  composed  of  mull  greenisli-f  i-llow  floweis,  whoN 
fragrance,  together  with  the  nectar  aecrc-ted  by  the  disc,  attracts  iusecta.     Tbe  ftinl  1 
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is  a  samara  with  two-winged  nut-like  fruitlets.  Acer  phitaiu/idcSy  unlike  the  preced- 
ing si>ecies,  has  leaves  with  sharp-pointed  lobes.  Acer  Pscudo-Platanus,  the  Syca- 
more, is  easily  recognised  by  its  elongated  pendulous  racemes  ;  Acer  yctjundo,  the 
Ash-leaved  Maple  (North  America),  is  characterised  by  its  jnnnate  leaves.  Maple- 
sugar  is  made  from  the  ascending  spring-sap  of  the  Sugar-maple,  Acer  saccJiarinum. 

Family  Sapindaceae. — Flowers  usually  obliqukly  zygomorphic, 
with  eight  stamens ;  ovary  commonly  TRILOCUIAR,  with  one  or  two 
ovules  in  each  loculus ;  leaves  in  most  cases  alternate. 

Between  this  family  and  the  Aceraceac  there  are  no  very  distinct  ditferences. 
The  majority  of  the  Sapindac4'ae  are  tropical,  having  the  form  of  tendril-climbing 
lianes  with  flexible  and  often  comparatively  thick  stems.  Several  species  of  the 
genus  AcsculuSy  which  is  often  made  the  type  of  a  distinct  family,  are  fre- 
quently cultivated  as  ornamental  trees.  Of  tliese,  the  common  Horse-Chestnut, 
A,  Hijyjtocasta nu)ii,  which  is  found  growing  wild  from  (Jreece  to  the  Himalayas, 
is  perha}>s  the  most  familiar  example.  It  has  opi)Osite,  digitate  leaves,  and 
inflorescences  of  scorpioid  racemes.  The  flowers  are  distinctly  zygomorphic  ;  they 
have  seven  stamens,  and  two  ovules  in  each  of  the  three  loculi  of  the  ovary  ;  the 
fruit  is  a  spinous  cajwule. 

Order  14.  Frangrulinae 

Flowers  hypogynous,  sometimes  perigynous  or  epigynous,  actino- 
MORPHIC,  in  the  perianth  and  androecium  three-  to  four-merous,  HAP- 
LOSTI-IMONOUS,  usually  with  disc ;  ovary  two-  to  five-merous,  septate, 
with    one    or    two    ovules    in    each    loculus;    micropyle    directed 

DOWNWARDS. 

The  Framjulinae  comprise,  for  the  most  part,  shrubs,  sometimes  growing  erect, 
sometimes  climbing  by  means  of  tendrils.  The  leaves  are  generally  simple,  in 
some  cases,  however,  piunately  compound.  Although  entomophilous,  the  flowers 
are  characteristically  small  and  inconspicuous,  usually  with  reduced  calyx  and 
greenish  or  white  corolla.  They  hav"  only  a  single  whorl  of  stamens,  which  may 
be  plac(>d  (>piK)site  either  the  sejjals  or  petals.     Tin*  fruit  is  dry  or  juicy. 

Family  Celastraceae. — Flowers  hypogynous  ;  stamens  episepal- 
ous.  inserted  on  a  disc  ;  ovary  two-  to  five-locular,  with  two  ovules 
in  each  loculus;  seeds  with  coloured  arh.  (Fig.  507). 

Chiefly  tropical  trees  and  lianes.  J'JronifniHs  cnropar<i^  the  Spindle-tree  (Fig. 
507),  has  iK)isonous  fruits  and  seeds  with  a  rod  aril. 

Family  Aquifoliaceae.  —  Flowers  iivpociYNors  ;  stamens  ei'I- 
sepalous  ;  DISC  WANTlNTi ;  ovary  two-  to  five-locular,  with  one  ovule 
in  each  loculus ;  seeds  without  aril. 

The  plants  familiarly  known  Jis  Holly  are  includt'd  in  this  family,  belonging  to 
the  genus  Ilex,  rjj.  I.  AqulfoUuiny  i\\v.  English  Holly.  The  leaves,  known  com- 
mercially as  Paraguay  tra  (.mati%),  an*  derived  fioin  several  sub-tropical  South 
American  species  of  the  genus  Ihx. 

Family  Vitaceae. — Flowers  HYPo(;ynous  ;  stamens  EPlPETALors  : 

2  R 


disc  incomplete,  consisting  of  separate  gknds ;  ovary  generally  TVO- 
LOCULAR ;  fruit  a  berry.  Climbinq  shrubs  w!TH  TKNDRn^  opposite 
the  leaves  (Fig.  508). 

The  Vitaeeae  am  chiefly  indigenous  b>  tropical  couotries,  wh^e  11UU17  Bpeciai; 
particularly  of  tlie  genua  Ciena,  arc  common  lisnea,  some  vt  which,  when  cot, 
supply  a  large  quantity  of  cleat  water.  Many  sp«oies  of  f'ltut  are  nativea  of  North 
America  ;  e.g.  V.  Labrwica,  the  Northera  Foi-Grai>e,  now  hirgply  gruwn  in 
Europe,  and  the  Virginia  Creeper,  Ampelopsis  hcderatea,  so  Irequeutly  cultiv-atcd  u 
an  ornamentAl  olimber.      VitU  xinifera,  the  Vine,  one  of  the  oldoat  of  cnltiv«tfl 


I.  M)7.— £r.w|rfH«<  esroiff.     . 
A);  £,1  flower  (nugiiiafMl) ; 
—FoiaoKor*. 


(niignlDcd).      (ABm- 
BiDis  and  Scsmnr.) 


plants,  grows  wild  in  thu  temperate  regions  of  Western  Aaio,  Soutbeni  Butiif«k 
and  Northern  Africa.  The  tendrils  of  the  Grape-vine,  ae  is  ahown  by  th«  preMUM 
of  small  loaves,  arc  motaniorp hosed  shoota.  The  jniloresceiioe  is  a  proAurly 
branched  panicle  with  peotameroos  Sowers.  The  corolla,  becotaing  detuli«d  fton 
the  flower-axis  during  the  anthesis  or  act  of  Dowering,  is  thrown  olF  in  ihs  form  of 
a  small  star,  and  is,  in  consequence,  apparently  wanting  in  the  opened  flowftrs  (Fi^ 
508).  The  Vine  has  given  rise  by  cultivation  to  numerous  improved  varietiea  uhI 
races.  Corinthian  or  dried  currants  are  the  small  fruits  of  a  seedless  vsrietjr. 
Officisal.— Visum. 


Fftinily  Rhamnaceae.  —  Flowers  perigynoits  or  KPiavsors ; 
petals  usually  small,  often  hood-ehaped ;  disc  ccunplele  ;  ovary  com- 
moDly  THREE-LOCCLAR  ;  fruit  a  drupe  or  capsule.  Mostly  erect,  rarely 
climbing  shrubs,  chiefly  tropical  (Fig.  509). 

I  Jlhaiiaai*  talhartiea,  the  common  Buckthorn,  ig  a  thoiny  dJcvciouB  Hlicub  ttitli 

I  op[KMite,  finely  serrate  leaves,  and  unisexual  tetromeroua  Howers  producing  Tour- 
locuUr  drupi^.  B.  Fraagula,  the  Alder  Buckthorn,  has  scattvrcd,  elliptical, 
ontire  l^avra,  nnall  hermaphrodite  flowers  (Fig.  609],  united  in  clusters,  and  black 
two-  to  three  ■  locular  drujwa.  Charcoal  made  from  the  wood  of  this  apecieB  ia 
used  in  the  manufacture  of  gunpowder. 

OyficiNAL.— Frvctith  Kuamni  Catbaeticae,  Cortex  Franoulae,  Cortex 
KuAltM  pL'BsHtANAE,  from  Rkatanua  Punliinna,  native  ofNorth  Aiuerioa. 

The  iiunily  Suacaaac,  formerly  iuoludod  in  the  some  order  with  tbe  Euphoy- 
biattae,  boa  recently  be«n  given  a  systematic  position  near  the  Celatlraceae.  The 
Btaxtaae  dilTer  from  other  families  belonging  to  the  Fnmffutiaae,  chiefly  in 
having  Sowers  that  are  either  entirely  naked  or  only  provided  with  a  aimple,  Horal 
envelope.  The  most  familiar  representative  ia  the  Box,  Buxm  leviptrvircTUi,  ■ 
puisONut^B  BVergreeu-nbrub  frequently  cultivated  for  ornamental  borders,  etc.  To 
the  same  allianoe  Iwlonga  also  the  family  Eiapetraanr..  Smpttrum  niijrum,  tbe 
Black  Crovberry,  ia  a  small  heather-like  shrub  of  alpine  habit,  bearing  ti 

Order  IB.  Thymelaelnae 

Flowers  perigynous,  actinomorphi 
to  five-merous ;  corolla  re- 
duced OR  WANTING  ;  ono  or 
two  whorls  of  HtameiiB  ;  ovn,ry 
monomerous,  with  oue  ovule. 
Mostly  woody  plants. 

The  majority  of  tbe 
Th^nglaemat  are  shruba  with 
simple,  entire  leaves  destitute 
of  stipules ;  the  flowei-a  are 
usually  small,  with  calyx  and 
receptacle  aomelimes  calycoid, 
sometimes  corollaceous. 

Family  Thymelaeaceae. 
— Corolla  absent  or  reduced 
to  scales  ;  oviUes  suspended  ; 

FRUIT     FORMED     ROLKLY     OF 
TBE  OVARY  (Fig.  510). 

Chiefly  sub-tropical  plants  of 
the  Southern  Hemisphere,  repre- 
Mnted  in  Europe  by  ThyintUifa 
■nd  Daphne. 

PoisoNOUM.— All  the  Denuau  ii]>euies  nt  Dapii 
D.  tlriida,  and  D.   Luureuia)  ai'e   [loisuDoii 


mental  shrub,  familiar  in  cultivation,  has  TragraLt,  rose-coloured  ftessile  flowm, 
whic:b  make  their  appearaniM:  in  the  early  spring,  b«fore  the  foliage- Iwves,  on  the 
shoots  of  the  previoua  year.  The  fruit  is  a  red  berry  about  tbe  size  of  >  pet 
(Fig.  510). 

Family  Elaeagnaceae.  —  Corolla  always  suppressed ;  orules 
ERECT ;  fruit  surrounded  by  the  persistent  fleshy  receptacle.     Woody 

plants,  WITH  SCALY  HAIRS. 

Ilippopkttl  rhamnoides  is  a  thorny  alirub,  soliivtimes  common  ou  the  bauka  of 
European  Btr«anis,  with  Ic&ves  on  the  under  side,  covered  with  hairs,  giving  theni  i 
silvery  ap[iearancc.  Several  species  of  Elatngmis  and  .f/irphcTttia  (Xorth  Americi) 
are  frequently  cultivated  as  garden  shrubs. 

Tlie  rnniily  Protracrae,  comprising  a  large  number  of  Australian  and  South 
African  plants,  is  included,  witli  some  uncertainty,  iu  this  order.  Several  a|i«-ies, 
on  account  of  their  large  and  beautiful  flowers,  are  cultivated  in  conservatories. 


Order  16.  Tricoccae 
Family    Euphorbiaceae.  —  Flowers    hypogynous,    tictinoinorphic, 


MOSTLY    INISEXUAL;    |>ei'ianth    rarely  double,   vsUALLY    kimplk  ok 
\VANTlN(i  ;    androecium    l-ximerous;    ovary    of    three    carpets,    tri- 


locular,  witli  cue  or  two  suspended  ovules  in  each  loculus ;  micropvK' 
inKKCTEf)  UPWARDS  Asu  OUTWARDS,  aiid  covercd  with  a  fleshy  oiii- 


PRANEBOOAHIA 


growth    (caruncle).       Fruit  commonly    a    uapsule,    whose    carpEI^ 

BEPARATB      ELA8TICALLY      FROM      A      CENTRAL     COLUMN      {FigB.      511- 
51G). 

The  single  constant  characteristic  of  the  Trieocetu:  is  the  manner 
of  attachment  and  atruclure  of  the  ovule.  The  Euphorbiaftae  include 
plants  of  the  most  varied  habit,  embracing  herbs,  Cactus-like  succu- 
lents, shrubs,  liunes,  and  trees,  whose  leaves  may  be  large,  or  small, 
or  reduced  to  scales,  or  represented  bf  phyllouladia. 


The  flowers,  which  inilividually  are  always  email  and  incouspiciious, 
display  the  same  variety  in  tlieir  structure  as  the  vegetative  pHrts. 
They  are  sometimes  arranged  in  flowt^r-like  inflorescences  enveloped 
by  a  corollaceous  sheath  (cf.  Eapkorlui).  Although  some  few 
species  proiluce  dry  indehiscent  fruits,  berries  or  drupes,  the  usuully 
trilocular  capsules  whuse  carpels  or  cocci,  in  dehiscing,  sepamte 
elasticaily  frum  u  centnd  column  (sumelimes  with  great  violence,  e.g. 
Jldra  cre/nliinr),  and  split  almost  to  their  buse,  constitute  nn  easy  and 
certain  means  of  recognising  the  majority  of  the  JiujdwrbiiKeae,     In 


spit«  of  the  great  variety  displayed  by  the  different  membera,  the;^  m 
so  linked  together  by  iDtermediate  forms  that  this  family  fomu  one 
of  the  moBt  natural  of  the  vegetable  kingdom. 

Re  p  11  EH  EST  ATI  VE  GENERA.— £up/wrii«,  the  Spurge  (Figa.  611-514).    Numnroti* 
stalked  lualo  llowerd,  c^ach  <x>iiKi>^ting  of  a  single  stameu,  and  oup  stalked  fonala 


flower,  are  together  enveloped  by  a  lobed,  bell-shaped  involucre,  fomiing  an  in- 
HoresceDce  termed  a  otathium.  Such  a  cyathiiim  rosemblea  a  aingle  lientupll- 
Todito  flon-er,  partioularly  wheu  the  shcathmg  involucro  in  cotollaceoue.  Tiat 
it,  in  reality,  repreeents  an  infloresceuoe,  is  apparent  from  the  indicktioii  of  • 
Begmentattan  visible  below  each  stamBn,  and  also  from  b  comparison  with  alll«d 
genera  in  which  each  flower,  although  otbr^mise  aimilsrlj  constructed,  is  provided 
with  a  perigone.  All  the  upecivs  of  Euphorbia  have  unsoptated  lat«x-tnbM 
taiulng  a  milky  Juice.     Mercurialis:  flowera  diwcious,  with  greeo  [lerigone 


lOjies.  Crotmt :  all  tlit  apeuies  of  ibis  genus  uc  tropical  shrubs  with 
bcteroalilamydoouN  flowers.  Jticinua  (sse  under  Olticiual). 
GEOOBArmciL  DtsTBiBUTioN. — TliB  plontH  of  this  bmily  uv  DstivH  obieQy  o( 
tropical  oountHeH,  where  they  occur  usually  in  the  form  of  shrubs,  rarely  u  lijuics 
C*orTCHOi;c  is  derived  from  many  of  the  tropical  sppcica,  cy.  Hevra 
guyanentii  and  H.  bnailUnsU  (Soath  Am(<rica).  The  roots  of  Manihat  tililimma 
(Uanioc,  Casaara)  form  on  important  artiulu  of  food  in  the  Tropics ;  from  them 
Tapiwa  is  obtained. 

Poisonous. — Both  tha  latex  and  seeds  of  moat  Baphorbiaceat.  iiontain  toxiu 
{■rinoiples.  Some  species  belong  to  the  most  poieonons  of  plauts,  e.g.  the  tropical 
American  Hippoinane  Mnnda^lla.  whose  daugerous  character,  however,  ha«  been 


oonsidombly  cxaggeratol.  AD  the  species  of  Evphorlna  (Figs.  S13,  511),  and  also, 
though  to  a  less  degree,  the  sjieciee  of  MeTemialit  (Pig.  Slfl),  are  poisonous.  The 
seeds  of  Aief nui  eurnmunit  (the  Castor-oil  plant.  Fig.  51E>],  but  not  the  oil  pressed 
froni  them,  contain  a  deadly  poison. 

Oftii'ISAi..  —  ErpHORBiUM,  from  Eaphorbin  rfsiniftnt,  s  Caotus-like  shrub 
powing  in  Morocco  (Pig.  Gl^).  Cobtkx  Cabcauillae,  rrniu  Cntiin  EUuUria 
(BAhama  Islands).  Olbuu  Ciiotohib,  from  Orolon  Tiglium  (Bast  ludius). 
Kamam,  the  glandular  hairs  of  the  capsules  of  Jtatlolut  philippuientit,  a  small 
tne  widely  distributed  in  East  Asia  and  Anstralia.  Olkitu  BtciNt,  obtained  ttam 
kbe  seeds  of  Xin'ntu  eommttnia.  The  Castor-oil  plant,  now  so  familiar  in  vultiva- 
Uou,  in  ite  nativs  home  in  AlVica  is  a  tree-like  plant  with  htrge  pBlmately.Iobed 
leaves.  The  male  flowers  have  hrauubed  slauiens  and  ovcapy  the  lower,  the 
ftmale  the  upi>er  part  of  the  axis  of  the  inlloreseencn.  Bath  kinds  of  llowvrs  are 
provided  with  n  aimple  envelope,      The  fruit  U  s  threo-seedcd  spinous  en|«Hlc. 


B44  BOTAST  i 

The  snu.ll  lainily  Callitrichatcae  is  sIbo  cnusidcred,  although  not  with  nrteioly, 
to  beloug  tu  tlir  aame  sHianue  as  the  Eupkorbiactat.  It  comprises  only  oiuU 
submerged  wHter-plaots  with  uniacKUal  nakKd  fliiwers ;  each  male  flower  coDsisti 
□runty  OQu  Htaiueu,  and  «ach  fcQialc  flower  of  a  single  pistil. 

Order  17.  Umbelliflorae 

Flowers  actinomorphic,  more  rarely  slightly  Kygomorphtc.epigynous, 
with  a  four-  to  five-merous  perianth,  haplostemonols  ;  calyx  GREATLY 
REDUCED;  an  intra- staminal  msc  present;  gyntecium  usually  DIMEROUS; 
ovary  bilocular,  with  one  ovule  in  each  Jocuhis ;  seeds  with  large 
endoaperm.      Herbs  and  shrubs,  commonly  with  hollow  axes  ;  leaves 

DIVIDED  or  COMPOUND,  USUully  WITH  SHEATHINtl  BASKS  ;  flowers  SUALL, 

aggregated  in  umbels  or  in  umbellate  iufloresccnceB. 

In  the  structure  of  their  flowers  and  fruit  the  Uml-tUiftorar  bear 
a  close  resemblance  on  the  one  side  to  the  few  epigynous  Fkas- 
GULiNAE,  on  the  other,  through  the  Caprifoliar.eat,  to  the  Hytbiinat,  from 
which  they  essentially  dJtl'er  in  not  having  gamopetalous  flowers. 
The  union  of  the  members  of  this  group  into  a  natural,  systematic 
order  is  chiefly  based  on  the  similarity  exhibited  in  the  form  of  their 
inflorescences  and  on  the  resemblance 
existing  betwetm  their  vegetative 
parts.  The  designation  of  the  whole 
order  as  Umbi-lUfionif  has  reference 
to  the  umbelliform  manner  of  branch- 
ing displayed  in  the  floral  region ; 
the  inflorescences  are  usually  com- 
pound umbels,  rarely  simple  umbels 
or  umbellate  panicles  or  cymes. 
The  flowers  in  most  coses  are  white 
or  yellow.  There  is  a  similar  corw- 
spondence  in  the  vegetative  organs. 
The  stems  are  generally  hollow; 
the  leaves  are  scattered,  often  verj 
large,  usually  much  divided  or  com- 
pound, and  almost  always  with  stalks 
broadt^ned  at  the  base  into  a  sheath. 
Family  Cornaceae.  —  Perianth 
and  andrwcium  usually  tctrAnier«>us; 

petals    VALVATK    or     lUBRlCATKD    in 

the    bud ;    gynwcium    most    oftei 
dimerous  WITH  SIMPLE  STYLK  ;  ovarr 
•  one-  to  four-locular  ;  fruit  a  DBl'lt 
'   or  BKKltY  {Fig,  517). 

This  family  forms  a  connecting 
link  between  the  Shamnateae  and  the  typical  Uwiellifiorae.     It 


it  through  loaKitudlnalljr : 


prises  but  few  herbs,  and  is  usually  represented  by  woody  plante  with 
flowers  arranged  in  dichasial  inflorescences,  nnd  with  decussate  leaves, 
which  are  generally  undivided  and  without  a  sheath,  c.y.  Cwvm,  Dog- 
wood, Cornel  (Fig.  517). 

Family  Araliaceae. — Perianth  and  andrcecium  usually  TKNTA- 
MKROUS ;  petals  valvate  in  the  bud  ;  gynoecium  generally  lloRE  TIIAX 
lilMEKOL's ;  Styles  most  frequently  FREE  :  ovary  one  to  many  locnlar  : 
fruit  a  i>RUPE  or  berry  (Fig.  r>18). 


Pm  Ki.-~tUiltTii  BMi.    1,  Flnwsring  bnuxh  ;  1.  Iwf  oT  t,  ■tstlLn  Imucb  ;  a,  Huwsr  cut  throu^ 
l(itigttiidlii*lly ;  i.  Ban]  diagram  :  t,  tnilt ;  0,  iKed,— /'arso.voi'ii.    ^KtUi  WniwinLa.) 

A  family  of  small  woody  plants  with  stems  either  hollow  or  filled 
with  a  spongy  pith;  rarely  solid  nnd  woody.  The  leaves,  which 
are  scattered  and  provided  with  sheathing  bases,  are  lobed  or  com- 
pound. The  (lowers  are  arranged  in  umbellate  or  capiute  inflores- 
cence)), which  are  frequently  aggregated  into  panicles. 

Tiir  Amlinceae  are  founi)  chivil;  in  tropical  Asiu,  whcrr,  iu  tliu  furiu  of  bduII 
■pkringly'braJicliLil  Ucea  with  large  divided  leaven  and  enonuDUB  InflorKaaenoeii  uf 
rawll  yellow  flowora,  tbey  Gonatitute  a  characteriatic  |>art  of  tho  vcgct«t>on.  To 
llib  bmilr  belong*  th«  Iry,  HaUra  Helix  (Hg.  61S),  a  root-climbing,  DvtTgreen 
■limb,  with  dilTvmntly  Bhnpnl  1eav«9  on  Ihe  fertile  *nd  aterile  aljoota.     Tho  barriea 


-Perianth  and  andnccium  generally  penta- 
in    the    bud  ;    gymt-cium    DlMEROrs,    with 


Family  UmbeUi ferae. - 
tnerous  ;    petjils   valvate 


FREE  STYLES ;  frult  Bchizocarpic,  uatially  with  dli^DUtTS.     Flowers, 
with  few  exceptions,  in  compound  umbels  (Figs.  519-525). 

The    UiiiMlifcrae   form    one   of    the   most 
...***«*fc^  natural  and  easily  recognisable  plant-families. 

They  are,  in  the  majority  of  cases,  perennial 
herbs  with  hollow  sterna  and  divided  leave* 
with  sheathing  bases.  The  inflorescences  are 
usually  compound,  and  consist  of  many  umbels 
of  small  white  or  yellow,  rarely  reddish  or 
violet,  flowers,  which  give  rise  to  brownisli 
ribbed,  aromatic  schizocarps  (Figs.  520,  521). 

Tlio  umbels  (U'o  olten  altogether  devoid  of  ■nblend. 
ire  present,  they  rarm  so  inconspicuouB  whoTlofbncts 
involucre  wheu  at  the  base  of  the  compound  umbel,  an  uivolnMl  ir 
siibteuding  the  umbclleti  or  atcoudary  uinbi>la 
(Figs.  623,  524).  The  presence  or  ahwDM  of 
involuoral  whorls  is  charactsristic  of  diffeTFOt 
genera,  and  ia,  therefore,  of  great 
ilistiiigiiiKbiiig  tliPDi. 


Fin.  SiO.  — (Wr.™  iMni.     1,  bnmoh  niili  The  following  eiaiuple»  may  bt  dtod  II 

ripofmit:  2,«ilawcr;  s,  tho  •wim  cut   iUnstratiDg  deviationa  ftom  tliB  u«U»l  bibitsi 
t^^-^ti^'"  frVii.^^.«.vJ:  ""Pi"  «"^^  ■"»■»  I'-ff-  ^'i-'"'"*") : » 

(After  WogaiBui.)  umbels    (t.g.    Ai(Tlintia):    cum]K>und    U 

eaoeucei,    paniculato   (e.p.    Dortnut)  ;   I 
corollaeeoHB  involucres  (,.g,  AUraiUia,  Eryngium).     The  most  strilting  t 
from  the  typical  biibii  ia  the  occurrence  in  temperate  Soiitli  America  of  VmitUifint-^ 


with  solitary  Ouwrra  {Aiorella).  All  tlie  Sowers  of  an  umbel  are  uaually  actioo- 
tnorphic  and  henuapliroditc.  Sometimes,  u  in  Conandrum  and  SeraiUum  (Con- 
Parenip),  the  peripheral  flowers  are  zjgomorpliic  ;  or  in  some  cases  the  umbel  has  a 
central  terminal  Qowerora  distinctive  colour  and  size  {e.g.  Laueta),  or  it  ma;  consist 
iu  part  of  unisexual  Sowers.  The  oaljx  is  usually  barely  iliEtingiiisbable;  thex>etii1s 
•re  provided  with  a  short  claw  and  arv  obcoidate  in  shape  or  have  incurved  apices. 
The  disc,  whioh  is  Bometioies  termed  a  (itnoi-bobe,  consiata  of  two  cushion- lili;e 
swellings  and  secretes  honey.  Tbe  stamens  are  incurved  in  the  bud.  The  styles 
are  short  and  divergent,  with  thfir  apices  not  distinctly  difTi'rentiated, 

An  exact  knowledge  of  the  structure  of  the  fruits  is  indispensable, 
as  these  exhibit  the  most  important  distinguiBiiing  characters  of  the 


Fin.  S'i2.-Cl™w  .■(/-*.  (J 


apecies,  which  in  other  reapecta  are  very  much  alike  (especially  poisonous 
■pecies).  The  fruits  of  many  species,  moreover,  are  ofiicinal,  or  are  used 
as  spices.  The  fruit,  which  is  usually  small  and  of  raryin}<  shape,  is  a 
dry  schizocarp,  and  splits  when  ripe  into  MEBii-rARps.  It  is  most  fre- 
quently somewhat  elongated,  and  circular  or  elliptical  in  transverse 
section ;  in  the  latter  cnse,  with  the  major  axis  either  perpendicular 
or  at  right  angles  to  the  plane  of  union  of  the  two  caqiols.  When  an 
elliptical  transverse  section  is  very  narrow,  the  fniit  is  disc-shaped 
(Herofieum).  Fruits  of  a  spherical  (Coriajulnan)  or  double-spherical 
form  {BifijTa)  are  more  rare.  After  their  separation,  the  two  carpets 
or  mericarps  usually  remain  suspended  from  a  forked  stalk,  tbe  carpo- 
phore, until  they  are  eventually  detached  by  the  wind.  A  carpophore 
is  absent  in  only  a  few  species  (e.rf.  the  formerly  officinal  Ofnanihe 


PMlandriuTii).  Each  niericarp  be&rs  on  its  free  surface  five  longitudinal 
ridges,  eaulosing  vascular  bundles  ;  these  are  known  as  the  MAIN  RiBS 
(JliGA  PRIMaria).  The  FURROWS  (VALLECfL.!;)  between  the  ridges 
are  usually  dark-coloured  in  consequence  of  the  reddish-brotm  0[l- 
DUCTS  (vnT.«)  which  occur  immediately  below  in  the  tissue  of  the 
pericarp  (Fig.   a21,    1).      In  many  species  each  of  the  furrows  is 


traversed  by  a  seconuary  RiixiK  (JlTOUM  HECUNDARIUM) ; 
fruit,  for  example,  of  the   common  Carrot,  Davem  CtKVt 
prickly  secondary  ridges.     In    many  genera  {f.g.  Pimptnt 
oil-ducts  occur  below  each  furrow  (Fig.  521,   2);  in  other 
ducts  may  be  present  in  less  than  the  usual  number  {Q'rutndmm,  I 
5^1,  4)  or  altogether  absent  (Vmiuni,  Fig.  521,  3).     The  seed  ( 
pletely  fills  the  whole  cavity  of  the  inericarp,  and   is  adherent  to  t 


SECT.  II  PHANEROGAMIA  54ft 

pericarp.     It  contains  a  large  ole&ginoua  endosperm,  in  the  upper 
part  of  which  the  minute  embryo  lies  embedded. 

According  to  the  form  assumed  by  the  endosperm,  the  following 
sub- families  may  be  distinguished. 

1.  Orlhoipermear. — The  endosperm  flat,  or  slightly  convex  on  the  ventral 
Bide,  i.e.  on  the  aide  turned  towards  the  plane  of  juaction  of  the  two  meri- 
carps  {Fig.  621,  1,  2),  t.g.  Hydrocotyte  (Water- Pennywort),  Sanieula  (Sanicle), 
Eryn^um  (Erjngo),  Cicuta  (Water- Hem  lock),  Caruia  (Caraway),  PctroKlinvvt 
(Parsley),  Pimpitulla,  Sium  (Water  -  Para  nip),  Bupleurum  (Thorough  -  wai), 
Oe-aaiiihe  (Drop-wort),  Aetliuia  (Fool's  Parsley),  Foeniculam  (Fennel),  Leeiilicum 


>,««c,Mpiuw,ii 


(Lovagi;),  Awjeliea,  Ardmiujetica,  Ilcraelenm  (Cow -Parsnip),  I'asiiaaea  (Parsnip), 
Daticus  (Carrot),  etc. 

2.  CainpytotpeTmea/:, ^Tbe  ventral  side  of  the  endosperm  in  traversed  by  a  longi- 
tudinal groove  (Fig.  521,  3) ;  e.y.  Cnuealii  (Bur  Parsley),  Torilin  (Hedge  Parsley), 
.Sfcunrfw(81iepherd'a  Needle),  .^ni/iriicus  (Beaked  Parsley),  Cfciertij)Ay«uin(Cher\-il), 
Conium,  (Hemlock),  etc. 

3.  Coeli^permcat. — The  ventral  aide  of  the  endos|ier]ii  ia  concave,  t.g.  Corian- 
dntin.  Coriander  (Fig.  521,  4). 

OKouaAPHECAL  DlaTKlBl'Tlu.*!.— The  numerous  aiiecies  of  Umbtlli/erae  are,  for 
the  most  (art,  indigenous  to  the  North  Temperate  Zone  ;  those  occurring  in  the 
IVopica  grow  almost  exuluaivcly  in  tlii^  cooler  mountainous  regions,  while  the 
South  Temjierate  Zona  poHsesaea  soma  peculiar,  abnormally  .developed  fonnit. 
Many  members  of  this  family  are  cultivated  for  culinary  purjioses,  ia  most  cases 
on  account  of  their  aromatic  properties  ;  e.g.  the  Common  Carrot,  Daueui  Carola 


var.  aaliva;  Celery,  Apiiim  graveoUni ;  Gardeu  Chervil,  AiUliritetia  Cm/oliutn 
Parsley,  Petroaelinuta  laiivum  ;  Dil],  Anethum  graveoUni ;  and  aliio  aevertl  of  tb* 
officinal  speciea. 

PotBOHOt^B. — Ccaium  maailatum,  the  Poison  Hemlock  (Fig.  fi23),  a  niAHBiiv 
herb,  oftea  more  thsji  a,  metre  in  height,  with  hollow  Htema  and  dull-green  di 
compoond  leaces.  The  lower  parts  of  the  stems  are  very  rrequenlly,  but  Mt 
always,  purple-spotted.  The  plant  ia  easily  recogni Bed  by  the  travy,  crenate  rjdgia 
of  its  short,  laterally  compressed  fruit,  and  also  by  its  disagreeable  odour  vliva 
bruised  (resembling  that  of  mice).  Cicida  virota,  the  Water-Hemlook  (Fig.  522), 
a  large  herb  growing  along  the  edges  of  ponds  and  ditches,  is  one  of  the  niott 
dangerous  of  poisonous  plants.  It  has  a  turnip-like  whil«  11HI2OMK  FCLL  iir 
IN'TEILNAL  CAVITIES,  and  large  tripinnate  leaves  with  narrow  lanceolate,  aerrttit 
leaflets.  The  small  white  flowers  are  aggregated  in  compound  umbels  and  jirodllce 
subglobose  fruits.  Sfrula  angutUfolia  and  the  different  species  of  Siuvt  and 
Oenanlhe  are  less  poisonous  ;  they  are  all  marsh  or  aquatic  plants.  Tbe  Iaat-iutp«d 
genus  is  easily  distinguishable  by  the  absence  of  a  carpophore.  Stum  tat'/oHum 
(Fig.  624),  wliioh  is  frequently  found  in  eompany  with  the  Water- Hemlock,  hi* 
simply  pinnate  leaves  with  lanceolate,  sharply  serrate  leaflets.  The  Foal's  Paralry, 
Aelhuta  Cynapium  (Fig.  625),  a  common  weed  in  gardeus,  produces  an  intoiica). 
ing  efleot  when  eaten.  It  dilfera  from  the  true  parsley  in  having  white  inslead 
of  yellow  flowers,  one-biiies,  thrbb-lbaved  (instead  of  s' 
iMVoLtcRLB,  and  an  odour  of  garlic. 

Otvicis \h.^ATcliangcliea  officinalis  yields  Rxnix  Anqelicae  ;  Levitiieiim 
offieinalt,  Kad.  Levistici  ;  Pimpitulta  viagna  and  P.  Saasifraga,  Bad.  Pnrl* 
NELLAB  1  Pimpinella  Anisitm.  (Anise),  FltDcTCa  Amsi  ;  FoeKicutuin  rapillaeeu^ 
FBHCTUd  FoBNifULi ;  Corum  Carvi  (Caraway),  Fhuotcs  Caiiv 
tatinum,  Fructcs  CoaiA»DBi ;  Gimium  maculalum,  Hkbba  Cokii  ;  D«rvM 
Amnuraiaeum  (Persia),  Aumoniacvu  j  Ferula  galbanijlua  and  ruiricaulU  (Persia}, 
GalbanuM;   FcTtila  yarthar  IPersit),  AsAFuETcnA. 

Order  18.  Saxlfraglnae 

Flowers  hypogynoiis,  perigynous  or  epigynous,  actinomorphic,  in 
perianth  aaii  andrcpcium  ]>entainerous ;  stamens  usually  OBDtrLO 
STEMONOUS  ;  gyna'ciuni  two-  to  five-merous,  syncarpoua  or  apocarpoua ; 
seeds  generally  albuminous. 

This  order  ia  somewhat  artificial,  and  difficult  to  characterise,  u  it 
coneista  of  members  which  exhibit  a  great  diversity  in  the  structtire  of 
their  flowers.  It  cannot  be  sharply  separated  from  the  Jitmjlorae;  Bod 
AS  it  stands  also  in  close  affinity  with  the  C'ljitijiorae,  Mtpitjlarae,  and 
Ericinae,  it  may  be  regarded  as  constituting  an  intermediate  group 
uniting  all  these  different  alliances. 

Family  Ci'sssulaceae. — Flowers  hypog)iioiis  or  epigynous,  bennfr 
phrodite,  with  a  variable  number  of  members  in  the  different  whorltj 
perianth  difl'erentiated  into  calyx  and  corolla ;  andrttcium  obdiplo- 
stemonous  or  baploat^monous ;  carpels  FREE  or  slightly  unit«d,  wilk 
GLANDULAR  SCALES  (disc),  one  nt  the  base  of  each  carpel ;  cansulM 
containing  numerous  small  seeds  with  little  or  no  endospoiQL 
Succulent  herbs  and  undershnibs  (Fig.  526). 


PHANEHOGAMIA 


The  memboni  of  thin  family  arc  easily  recoguiiutb1«  by  their  fleshy,  entire  lesTCB. 
Their  flowers  »re  usually  bright  yellow  or  red  iu  colour,  and  are  arranged  in  eymose 
indoresceDcen. 

Geixikai'BICal  Distribution, — The  CVFUiuIouoe,  like  all  EiucculcDta.  thrive  beat 
in  dry  sunny  Jtituationn.  They  are  almost  unirersally  found  ou  nxks,  wbIIei,  and 
roofa.     The  kpuus  Strlum  liaa  usiially  pentomeroun  ttowers  :  Seditm  acre,  the  Uossy 


M. — SHlma  Tilrph'iim.    a,  Vtofirr ;  K  llawi 


*■) 


Stoneorop,  grows  on  walla  and  rwks,  as  does  also  S.  TeUphium,  the  Garden  Orpuic 
or  live-for-over  (Fig.  628).  The  flowem  of  the  genus  Sanpervivam  ara  B-oo  meroui. 
■V.  ftdiiruia,  the  Houseleek,  aod  oLher  species,  as  also  species  of  Craatvla  (haplo. 
stemoDooaJ,  Stdvm,  Echeveria,  ete.,  are  fmjuently  cultivated. 

Family  Saxlft^Eraceae, — Flowers  perigynous  or  epigynous,  herma- 
phrodite, with  calyx  and  corolla ;  Btamens  obdiplostemonous  or  haplo- 
BtemonouB ;  carpels,  usually 
two,  WITHOUT  scales,  aiiil 
UNITED,  oitlier  wholly  or  only 
at  the  base.  Fruit  usually  a 
capsule,  contAining  Dumerout) 
small  seeds  with  abundant 
endosperm  (Fig.  527). 

The  Saxifragaceac  comprise  « 
number  of  berbn  and  woody  pLiiiLs 
very  unlike  iu  appearance.  The 
floweni  are  small,  or  at  most  only 
mediam-aized  and  aggregated  into 


.—RiUi  OniMiiJurJa.  1,  FUmerliig  braoeh;  1, 
r  cut  llirauHli  InnHltodlually :  1,  tnilt  la  tran*- 
iMcUon  :  4,  loniitudlnalMCtloDofawl.    (After 


OSOOBAFHICAL    DlSTBISnTION. 

— In  Northern  Europe  the  genus 

Sax^fraga    ia    widely  represented 

by  numerous  species  on  the  rocks 

•nd  boulders  of  mountains.     Most 

of  the  members  of  Uiia  family  are 

fODud     in     the    Tnlupemte    Zone,  wo»aiDu>,) 

Although  a  relatively  Urge  number 

ooaur  aim  in  tbe  Arctic  regions ;  Saxifmgti  gmnulata,  8.  tridadylite;  and  Par- 

nauia  imhulrii  are  representatirea  of  the  family  in  the  plains.     Several  ipecins 

of  the  genus  liibf!  arp  tultivatnl  for  tlio  anke  of  their  fruit  (b.^.  II.  rubnim,  the 


Jj 


Bod  Currant  ;  Ji.  nigrum,  thv  Black  Comnt ;  S.  OretmlaTia,  the  Gooseberry? ; 
while  other  species  or  the  Mine  genua  and  other  genera  are  freqnebtlj'  OMd  w 
orDunental  plants  (Saxi/ra(ja,  Hydrangea,  Philadclphvt,  DeiUiia), 

Officikal. — SvRVFUs  BtBiL'H  boni  Aibti  rubruin. 

The  HamamttidiKeat,  a  nub-tropical  Family  of  woody  plants  with  ipetaknu 
flowers,  are  very  elosely  allied  to  the  Satii/ragiKfar. — OfficInai.  :  StTUX 
LtQi'iDua,  obtaioHl  f^om  the  biklsam-canals  in  the  curtcx  ot  Li^iditTnhar  ttYnuifva. 

Family  PUtuiuue. —Flowers  mokibciocs,  with  busimemtakv  PKkCAKTS: 
the  male  with  liEDL*c£u  andnecium  ;  the  female  perigynous,  with  free  carpel*. 
Seeds  without  eudcis{ierm.  This  fumiiy  inDlu<lea  only  the  single  genua  Platmaa, 
with  but  four  species,  all  oF  which  are  trees  with  scaly  bark,  piiJinately  lobtil 
leaves,  and  eheatbing  connate  atipulea.  The  flowers,  which  are  small  atid  in- 
signilicanl,  are  clustered  iuto  spherical  beads  with  long  stalks  ;  the  frait  is  a  nut, 
Platanwi  oricntalit,  from  Western  Asia,  and  P.  fxciden-Utlif,  the  American  PUiir' 
tree,  are  Frequently  grown  ia  shade-treefi. 

Order  IS.  Rosiflorae 

Including  the  single  family  Rosaceae. — Flowers  perigyuous  or  epi- 
gynotis,  almost  always  actinomorphic  ]  perianth  generally  pentameroiu ; 
stamens  usually  MORE  NUMEHors  than  the  perianth  leaves  ;  gynteciuiD 
in  perigynous  flowers  entirely  apocarpous,  in  epigynous  (lowers  with 
at  least  the  upper  part  of  the  carpels  free  ;  seeds  WITHOUT  KKDOSFEHM. 
Leavea  alternate,  stipuiate  (Fig8.  528-532). 


The  flowers  of  the  Jtonactae  may  in  all  cases  be  derived  witltout 
difficulty  from  the  typical  Dicotyledonous  type,  although  it  is  shoirn 
in  an  unmodified  form  in  only  a  few  genera,  e.g.  in  QuiUoja,  whow 
flowers  are  constructed  of  five  pentamerous  whorls.  The  flowcre  of 
most  of  the  species  are  characterised  by  the  possession  of  an  indefinite 
number  of  stamens,  as  a  result  of  the  splitting  of  the  whorls  and  of 
the  individual  members  of  the  andrtecium.  A  similar  multipltcation 
of  the  parts  is  also  of  frequent  occurrence  in  the  gyno!cimn.  A  row 
with  ita  numerous  stamens  and  apocarpous  gynceciura  consistiug  of 
numerous  carpels  may  serve  aa  the  type  of  the  flowers  of  the  liotatnu. 
Similar     polyandrous,    apocarpous    flowers  are    characteristic   of    lli» 


RanutKidaceae,  but,  as  they  are  hypogynous  aod  huve  the  parts 
arranged  spirally,  they  differ  greatly  from  tlioae  of  the  liosaraie.  On 
the  other  hand,  although  less  frequently,  the  flowera  of  this  family  may 
suffer  a  reduction  of  their  parts.  Thus  in  the  flowers  of  the  genus 
AkhemiUa  the  inner  whorl  of  the  perianth  is  wanting ;  the  andrcecium 
is  also  not  unfrequently  reduced  to  a  single  whorl,  in  AkhemiUa  anxiisis 
even  to  a  single  stamen,  while  in  the  Prnnoideae  the  gyncecium  con- 
sists similarly  of  but  a  single  carjwl.  Such  reduced  and  modified 
flowers  are  linked  to  those  with  the  typical  or  greater  number  of 
parts  by  all  possible  transitional  forms.  The  greater  or  less 
degree  of  expansion  exhibited  by  the  floral  axis,  to  which  in  particular 
the  perigynous  and  epigynous  character  of  the  flowers  of  the  I'osi>e.fae 
is  due,  has  been  in  large  measure  the  cause  of  the  variability  displayed 
by  Kosaceous  flowera  (Fig.  .'>29).  In  the  simplest  cases  the  receptacle 
IB  flat  or  cushion-shaped,  as  in  many  species  of  PMailiUa.  and  bears  the 


pflrianth-leaves  and  stamens  on  its  maigin,  while  the  carpels  are  in- 
serted on  its  surface.  In  other  ciises,  as  in  the  Strawberry  and  Rasp- 
berry, the  central  portion  of  the  receptacle  is  prolonged  into  a  club- 
.  shaped  protuberance  to  which  the  carpels  are  attached  (Fig.  529,  1), 
In  other  cases,  again,  the  receptacle  is  extremely  concave,  cupular  in 
iVunus  and  Akkemillu  (Fig.  5:29,  2),  urn-shaped  in  the  genus  Ronn. 
The  epigynoua  flowers,  such  as  those  of  the  Apple  (Fig.  o29,  3),  differ 
from  the  perigynous  flowers  with  concave  receptacles,  iu  that  the 
carpels  are  adnate  to  the  wall  of  the  receptacle. 

The  fruit  is  sometimes  dry,  sometimes  fleshy.  If.  in  conformity 
with  the  more  usual  custom,  only  the  product  developed  from  the 
Cftrpels  after  fertilisation  ia  termed  a  fruil,  a  Strawberry  must  be 
regarded  as  a  collection  of  numerous  nutlets  or  achenes,  and  an  Apple 
u  a  spurious  fruit.  According  to  the  defltiition  of  a  fruit  which  has 
,been  adopted  in  this  book,  in  which  the  conception  of  the  term  fruit  is 
made  to  correspond  with  that  of  the  flower,  the  receptacle,  as  being  part 
of  the  flower,  may  also  take  part  iti  the  formation  of  the  fruiL  The 
Strawberry  may  thus  be  legai'ded  as  a  juicy  fniit  with  dry,  superficial 


carpels ;  while  tho  Apple  may  be  described  as  a  berry.     In  other  c 

the  fruit  is  capsular  as  in  Spiraea,  nut-like  as  in  Poterium,  or  dmp*-  I 

ceous,  ir.g.  the  Cherry,  Raspberry,  and  Medlar. 

The  Hosaiwae  are  herbs  or  more  frequently  woody  plants  usually  1 
with  conspicuous  flowers.  Their  leaves  are  very  often  pinnate,  with  I 
toothed  leaflets  ;  when  simple  they  are,  as  a  nile,  serrate  or  lobed,  \ 
rarely  entire.  The  stipules,  which  are  scarcely  ever  absent,  are  some-  , 
times  herbaceous,  sometimes  scale-like. 


'pigynoua  ;  fruit  •  Uttj< 
Sorbnt)  with  two  OPoIt^ 


Sub-FakiwBh.— 1.  Pomaidtae  (Fig.   530).- 
(a)  Curpela  in  th(<  fruit  parohment-like  :  Fir 

Cydonia  with  numsrons  ovules  in  each  carpel.     (6)  Carpels  in  the  fruit 
Btone-lilce  :  Mapilut,  Cratafgta. 

2.  Rotoidtae. — Flowers  perigjuona  ;  rarpels  enaloeod  in  the  frnit  hf  tbo  teM 
tocle.  (a)  Beoeptscle  beonming  hard  in  the  frnit ;  flowers  tetramcroua,  (ml 
deittitiite  of  corotU :  PoltriMm,  polygnmous  with  ansmophilous  Sowers  in  otpita 
inflorescences ;  Satt^imrba,  resembling  Polirium,  but  the  flowers  are  •ttton 
philous,  and  hermaplirodlte  ;  Alekemillat  floners  with  epical^fx.  (b)  RoMptaole . 
in  (a),  flowers  ptniameroiu,  with  corolla  :  Jgriinoaiii,  Hmjsnia.  ~ 

Deshy,  floirerB  with  corolla  :  Roia. 

S.  Rvhoidcae  (Fig.  531). — Flowers  perigjnous ;  reeeptucle  Sot  or  coorvx, 
B  indehisccnt  carpels :  Potentilla,  with  dry  fruit :  Pragaria,  IrDit 
isifting  i>f  a  flc?sb J  receptacle  with  dry  carjiela  ;  lliibuii,  earpcl*  drupao 


4.  Spinuoideae. — Flowera  jwrigyuoua  ;  rcceptaole  i 
ripe  capsuUr  and  mftny-seadBd  ;  Spirasa,  Qvillaja. 
6.  Prujuridtof  (Fig,  B32).  — Flowers  perigynoua,  wit 


LP  carpel;   fniita  dni[ie  : 


6.  CkryMobalaiioidtae. — Flower*  freqiiently  zjgomorpliic. 

CfsonuifniCAL  Distbibutios.— The  ficwa«oe,  although  dietributed  over  the 
•Thole  globe,  are  cfaiefly  ropreaented  in  the  Temperate  Zone ;  in  the  Tropies,  with  the 
exception  of  the  Chryobalaiwiideae,  tUey  are  uoafined  almost  entirely  to  the  high 
mountainous  regions.     The  Jtomecac  \,a,vf  .•outribiit«i  largely  to  tlie  list  of  culti- 


vated plant* :  the  Pear,  Firan  annmunU ;  the  Apple,  Pinil  Malut ;  the  Quince, 
C^donUt  milgaris;  the  Medlar,  Mrtpilui  gtrmaniea;  the  Strawberry,  siieoiea  of 
^rasaria;  the  Baspberry,  Blackberry,  etc.,  epecies  of  Riibnst  the  Wild  Cheriy, 
JYuntu  avium;  the  Dwarf  or  Morello  Cherry,  Fr.  Cerami;  the  Wild  Plum,  Fr. 
domatiea ;  the  Bullacn  Plum,  Pr.  insilUia ;  the  Apricot,  Pr.  armeniata ;  the 
Peach,  Pr.  prrsica ;  the  Almond,  Pr.  Amygdatul.  Thv  Sotaetat  includa  alsti 
nany  ornamental  plants,  e.g.  Tarioax  species  of  Iloia,  Cralatgua,  FUentUla, 
Jlulnui,  Spiraea,  Ktrria,  Pmnui,  etc. 

PulsaMOL's. — The  seeds  of  many  speoiea  contaiu  prusnic  acid,  although  usaally  ' 
iwt  in  dangerous  quantities,  if  eaten  when  Brat  ripe.  The  Icarea  of  the  Cherry- 
liaurel  {Pntnui  Lawroimtiut)  also  contain  prusaic  acid,  and  when  eaten  they  act 
mn  an  intoiicant. 


Officikal. — Ci/donia  rmlgarit  sflords  Seuen  Cvdoniae.     Hagtnia  abgn 
(s  dicDcious  tree  aative  of  Abjasinia,  with  greenish  female  tlowera  nboM  epJMlyt 
and  calyx  turn  red  after  furtiliutionl  ytelda  Fi.irks  Kosii  (Fig.  52S).     KnsAK  Ckx- 


TiFOMAE  Petala  froDi  Jiofa  eiwUfalia;  Olbux  Bosac  fhran  Rosa  eeiUifolia  nod 
(innuinwiia ;  STiiuFrs  RuBi  idasi  from  Subta  idaeus;  AxroDALAS  ncixti 
AnvQDALAE  A1IARA.E  from  pTunia  Amygdahu ;  PiTLFA  fruhorvm  from  Pr.  doma- 
liea  ;  Folia  LArnocERAsi  fraiii  iV.  Lanroaramu.     Quiliaja  Sapmtaria  (ui 
green  diiecioiis  tree  indigenous  to  Chili  wid  IVru) yiolds  Ci>ktek  Qim.i.^jab. 


Oi>der  20.  Legumlnosae 

Flowers  HVPogynous  or  slightly  rKHHiVNous,  acti no m Orphic,  or 
more  frequently  zygoraorphie  ;  perianth  usually  iieutamerous  ;  median 
Bepai  anterior;  andrtecium  (iiplostemonous,  rarely  consisting  of  an 
indefinite  or  reduced  number  of  stamens ;  gyncecium  of  one  carpel, 

generally    Wmi     MANY     OVl  LE3    ATTACHEll,    IN    TWO     BOWS,  TO    THR 

VENTRiiL  SUTURE;  fruit  Usually  a   LEOL'ME,     Seeds  mostly  withuat 
albumen.     Leaves  generally  roMPouSD,  STIPULATE. 


resemble  the   monocwpellai]' 
II  by  tbeir  uuexpouilMi  or  only 


Tli«  Ltijttminoaaf,  with  actinoniorpbio  QotcerE. 
Riititcrjte,  but  tliey  may  be  diHtingui«lied  from  tlie 
slightly  enlarged  receptaclea,  and  by  their  fruit. 

The  structure  of  the  flower  is  also  as  varied  in  the  Legvi 
in  the  Rosifiorae.  The  Mimomreae  have  actinomorphic  flowers ;  thos* 
of  the  Ciuvalpiniacf.nc  are  sometimes  only  slightly  irregular,  sometimM 
more  distinctly  zygomorphic,  leading  by  gradual  transition  to  tht 
highly  zygomorphic  flowers  of  the  PujnIiomKfM.     These  dilTerences  in 


PHANEROGAMIA 


the  structure  of  the  flowers  are  chiefly  due  to  the  various  forms  as- 
sumed by  the  corolla,  in  part  also  to  the  unequal  development  of  the 
andrcecium.  The  stamens  are  sometimes  straight,  sometimes  curved, 
united  or  free,  usually  ten  in  number,  but  at  times  reduced  by 
suppression  or  increased  by  division.  On  the  other  hand,  the 
gynoecium  and  flower-axis,  to  the  variability  of  which  the  diversity 
of  form  exhibited  by  the  flowers  of  the  Rosifiorae  is  so  largely  due, 


are  very  uniformly  developed  in  the  Lftpiininostie,  and  take  but  small 
part  in  the  various  modifications  met  with  in  the  structure  of  the 
flowers. 

Uidike  the  flowers,  the  fruit  of  the  Legumimsae  almost  always  pre- 
sents the  same  structure.  In  the  majority  of  cases  it  is  a  many- 
seeded  legume,  rarely  a  dry  indehiscent  fruit,  or  it  may  be  a  berry  or 
drupe.  Even  when  thus  modified,  all  the  forms  of  the  fruit  bear  a 
certain  degree  of  resemblance  to  each  other. 

The  inflorescences  are  most  generally  racemose  ;  racemes,  spikes  or 
capitida,  with  in  all  cases  lateral  flowers.  The  leaves  are  scattered, 
usually  pinnate  or  bipinnate,  with  leaflets  either  entire  or  slightly 


toothed,  ne 
occurreoce 


■er  deeply  lobed  t 
n  thia  order,  and  a 


incised.     Simple  leaves  are  of  rara 
:  usually  smaU. 


noat  of  the  tDorc  natural  orders,  tlio  uttempt  to  diriile  ike  Itf/a- 
families  is  attended  with  difliGulty,  an  the  eitreine  forms  Mv  linkrf 
together  bj  all  possible  intenaediBte  stAg«.  Tba 
whole  order  in  in  consequence  sometilDes  rrgviti! 
»s  a  iringle  family,  in  which  the  tuain  gnajt 
take  tho  iwsition  of  sub-families.  In  tlieir  ^piod 
rppreaentatives,  however,  these  groope  are  eo  char- 
actoristicall;  developed  that  it  leant  best  to  «on- 
.sider  them  as  distinct  faniilieg. 

Family  Mimosaceae. — Flowera  Acnsn- 
MORPHIC  ;  corolla  absent,  or  if  present,  with 
petals  ^'ALVATE  in  the  bud ;  aadiwcium 
liaplostemonoiis,   diptoe(«monoUB,   or    POLY- 

STEMllNOVS,  raUAI-LY  WITH  FREB  STAHKNS; 

embryo  straight  (Fig.  533). 

This  fainily  consiats  for  the  most  part  of  shrub^ 
liauoa  ur  small  trees,  with  doublj  pinnate  Inre^ 
or,  as  ill  maaj  Auatrsliao  species,  with  phjilodia 
(i^.  p.  4G).  The  Dowers  are  small,  in  drDW 
heads  or  spikes,  whose  bright,  lUraallj  yellow, 
volour  is  due  to  the  long  stamens  which  project 
beyond  the  inconspicuous  peiianth.  The  nm 
important  geuura  are  Acaaa  and  Minuna.  Botk 
geuara  are  largely  repteseuted  iu  the  TropuM. 
itimoia  pvdica,  the  Sensitive  Plant,  beloug*  to  tliH 
family:  it  is  sometimes  aQltivated  in  hot-hoUM^, 
but  in  its  native  land  it  is  a  troublesome  and  irartli- 
less  weed.  In  Anstralia  the  Mimataeeae  occupy  at' 
iiNportaot  jiosition,  uiid  together  with  Euoalyptw 
trees  tliey  form  the  chief  part  of  all  the  woodf , 
vcgotatioii,  while  iu  thp  dry  regions  of  South  Afrjoi, 
in  the  form  of  thorny  shrubs  (e.g.  Aaala  kiyrrUmi, 
they  often  constitute  the  only  wiyidy  plants. 

Ov¥\cis \\..^A(aeia  Srnegal,  a  shrub  native  tt. 
the  Nile  countries  and  Senegal,  yields  GrKHI 
ARAHicrji.  The  gum,  wliich  is  fonuud  by  the  di*> 
'  organisation  of  the  stem-jArenchyina,  oxndv  la  k' 
thick  fluid  from  woonda  in  the  stems,  and  afM-i 
wards  hardeuB.  Catechu  is  an  eitraot  nude  ft<S 
the  heart-wood  of  Jrarin  d'lechu  aud  A.  Suiaa  (East  Indian  trees). 

Family  Caasalpinlaceae.— Flowers  more  or  less  ZTGOMORPHlt' ^ 
corolla  Bometimea  absent,  when  present,  NOT  AT  ALL  OR  ONLY  niPKft- 

FKCTLV     PAPILIONACEOUS,     with    ASCENDING     IMRRIL'JiTK     .tSTIVATlOlT 

ii.f.  the  postcnor  petal  overlapped  by  the  others) ;  andro^cintn  i 
KBBE  STAMESS,  often  itKDUUKD.     Embryo  STR.iitiirr  (Figs.  534,  SSi\ 


The  Caaalpiuiaeeim  are  shrubs  o[  trees,  Hod,  imlilie  the  PaiiilimuKaH,  oftcD  have 
Upiniuto  IcaveB.  The  (lowers  ma;  be  large  or  Bmsli.  Their  corolla  is  variously 
Domtruoted,  ■ometimes  aotinomorphio  {e.g.  Caiaia,  the  zygotnorphid  character  of 
I  irhosH  tiDwera  la  due  to  the  aadrijecium),  sometimes  stroDgly  zyf^morphie  (rnni- 
onWui),  but  very  rarely  nmiewhat  pupil ionaeeous  {Cttril  Siliquttltrum).  The 
members  of  this  family,  whose  largest  genus  is  Cattia,  sre  almost  cxulusively 
tropieal.  The  coloured  heart-wood  of  many  specieB  gives  them  a  great  tochnical 
vklue  (Lo^'ood  from  Haematoxglon  camptchiatiUm,  Pernsnibuco  or  Brazil  Wood 
from  Caeaaliiinia  bnuilientui).  The  Judas-tree  (Cercia  Siliqiuutmni)  Irom  Southern 
Bnrupe  (with  flowers  springing  directly  from  the  stem),  and  the  Honey  Locust 
[QUdUtchia  triacantkoi)  &om  North  America,  are  oltea  cultivated  iu  i)arks  and 
gardens. 

OFt'iciSii,.— Folia  Sensae,  the  leaflets  of  Cnntia  actUifolia  (F.  S.   Alex- 
IKIXAK,  from  tropical  East  and  Central  Africa)  and  uf  Cai'i"  nngtulifoUa  (froni 


tR»iu<wI  Eaat  Africa  and  Arabia  ;  Tihnkvellv  Sekka,  fh>m  plants  of  the  same 
■peoies  cultivated  in  Southern  India).  The  ofEoinal  species  of  Cattia  ore  shrabs 
tritll  yellow -flowered  racemes  (Fig.  534).  The  balstuu  -  canals  in  the  nood  of 
Copa^tra  guianemit  and  C.  qffieinaliii  [trees  of  troincal  America)  contain  Balsa- 
itrii  COPAIVAE.  Bhatany  Root,  Rad.  Ratakhiak,  is  obtained  froni  Kramtria 
IHandra,  a  Peruvian  shrub.  Lionum  Haeicatoxvli  is  the  heart-wood  at  Haevia- 
toaeylott  ratnptchiaHuiii  (South  America).  Pulpa  Tahaiiinikikuii  is  the  preserved 
nealiy  mesovorp  of  the  fruit  of  the  Tamarind -tree,  Titiitarindtu  indiea  (Fig,  63&]. 

Family  Paplllonaceae. — Flowers  strongly  ztoomobpuic,  papil- 
loNAcKous;  corolla  with  descending  imbricate  .sstivation  (i.e. 
the   posterior   petal   enclosing    the   others   in  the   bud) ;    andrcecium 
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always  diploBtemonous,  monadelphouB  or  more  frequently  dudelphoc^, 
the  posterior  stamen  being 
free ;  tfae  embryo  curred 
(Figs.  536-539). 

The  PapUicnaeeae    com- 
prise both  herbs  and  woodr 
plants ;  many  are  st«m-  or 
tendril-climbers.    The  leaves 
are  generally  oddly  pinnate. 
,   The  flowers  are  usually  dis- 
posed    in     racemes,     more 
rarely  in  heads ;   except  in 
some     few    genera     which 
,  approach    more    nearly    the 
.   Catsaipiniaceae  {e.g.  Tultiifno). 
they    are    characterised    by 

papilionaceous  corollas  (Fig.  536).    The  posterior  petal  is  much  enlarged 

and  is  termed  the  STANDARD 

(ve.XILLUM);  tlie  two  lateral 

petals  represent  the  wings 

(al.«),  while  the  two  an- 
terior  are    usually    united 

by  their  lower  margins,  and 

togctlier    form    the     KEEl, 

(rAB[XA).     In  the  bud  the 

wings  are  enclosed  by  the 

Btandaril,  the  keel  by  the 

wings  (DI':S('ENDtN<i,  IMBRI- 
CATE .estivation)  ;  in  the 
V<ies(jlpiiiiaceaf  the  ajstiva- 
tion  is  in  exactly  the  re- 
verse order  (asc'Esdin(j)- 
The  stamens  in  most  cascs 
curve  upwards.  The  cohe- 
sion of  the  filaments 
does  not  generally  extend 
throughout  their  whole 
length,  so  that  their  upper 
ends  are  usually  free. 
I^tamena  wholly  free  are 
foiinil  only  in  a  few  excep- 
tional geneni,  such  as 
Toh,i/e>v.       The      legumes  i-,„.  i3s.-r^„.-H«  «■„„  (-t.  .i».).-/-o,*,.v„,-s 

commonly    have   a    parch - 

ment-like  wall;  dry  indehiscent  fruit«  rarely  occur  in    this  family; 
succulent  fruits  never. 


r  pinnate,  stamens 
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Sub-FaMIlIfj". — 1.    Gmitloideae. — Leaves  entire, 
usually  united.     Lupiaui  (Lupine),  Cytiiui  (Laburni 

2.  Trifolioideae. — Leaves  usually  pinnate  with  toothed  leaflets,  fruit  inde- 
hiscent.  Tri/olium  (Clover,  Trefoil),  with  persistent  perianth  ;  Medieago  (Medick), 
with  deciduous  corolla  and  sicktc'shaped  or  spirally' twisted  legumes ;  Trigmttlla 
(Trigonel) ;  Melilotns  (MelJlot,  Sweet  Clover),  with  (lowers  fa  loose  racemes  and 
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small,  elongated  or  globular  legumes ;  Oiionia  (Keat- Harrow),  with  monadelphoua 
stameos. 

3.  Loloideae. — Stamens  diadelphouH,  AnlkyllU  (Kidney-Vetch) ;  Lotus  (Bird's- 
foot  Trefoil),  etc. 

4.  OaUgoidtae.  ^Leaves  im  pari  pinnate.  Ailragalm  (Milk-Vetch),  with  legumes 
iniperfectly  separated  by  a  falae  dissepiment ;  JlobMa  (Locust-tree),  etc. 

5.  Utdijsaroidtae. — Stamens  diadelphous  ;  fruit  a  jointed  legume  or  loiuent. 
Coronilla,  Bedysarum,  Deamodiitm  (Tick -Trefoil) ;  Onot,njcl,is  (Sainfoin) ;  Anuhii 
[A.  kypogata,  the  Pea-nut),  etc. 

6.  Vicioideae. — Leaves  i)aripinnate,  often  terminating  in  teudriLi  (Fig.  .'>3r). 
Vieia  (Vetch),  leaves  with  many  leaflets  ;  Lnlliynn  (Vetchling),  Dsnally  with  only 
two  leaflets  ;  Pimm  (Pea),  etc. 
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7.  Phaseoloideae. — Climbing  plants  ;  leaves  usually  imparipinnate,  frequently 
ternate.    Physostignia  {Officinal)  ;  Phaseolus. 

Geographical  Distribution. — The  large  family  of  the  Papilionaeeae  is  not 
exclusively  confined  to  any  zone.  The  steppes  of  Western  Asia  are  especially  rich 
in  Papilionaceous  plants,  represented  in  particular  by  shrubby  species  of  AMtratfolui, 
from  which  gum-tragacanth  is  obtained.  The  leaflets  of  the  pinnate  leaves  of  the 
Tragacanth  shrubs  eventually  fall  off  from  the  main  stalks,  which  remain  attached 
to  the  stems,  and  resemble  long  thorns.  The  gum  is  produced  by  the  disorganisa- 
tion of  the  stem-parenchyma,  and  exudes  as  a  viscous  fluid  when  incisions  are 
made  in  the  stems.  The  most  important  cultivated  plants  are — Pisum  sativum, 
the  Pea  ;  Phaseolus  vulgaris,  the  common  Kidney  or  French  Bean  ;  Vieia  Faba,  the 
Broad  Bean ;  Ervum  Lens,  the  Lentil ;  Dolichos  Soya,  the  Soja  (Soy)  Bean  ot 
Japan  and  China  ;  Indigo/era  species,  Indigo  (Tropics). 

Poisonous. — The  seeds  of  the  Laburnum,  Cytisus  Laburnum  (Fig.  539),  a 
small  tree  indigenous  to  the  Alps,  sometimes  cultivated  in  gardens.  It  is  character- 
ised by  its  ternate  leaves,  and  by  its  racemes  of  large,  yellow  flowers  and  many- 
seeded  legumes.  The  other  species  of  the  same  genus,  C.  alpintts,  C.  purpureas, 
C.  Weldini,  C.  hiflorus,  have  also  toxic  properties.  Cor&nilla  varia  (Fig.  588),  an 
herbaceous  plant  with  umbels  of  rose-coloured  flowers,  is  also  considered  poisonous, 
and  the  familiar  ornamental  climber.  Wistaria  sinensis. 

Officinal. — Astragalus  species,  from  which  Tragacantha  is  obtained.  The 
stolons  of  Olycyrrhiza  glabra,  an  herbaceous  perennial  of  Southern  Europe,  con- 
stitute Licorice  Root,  Bad.  Liquiritiae  ;  from  the  roots  of  the  variety  glandu- 
lifcra  (Russia)  Rad.  Liquir.  mundata  is  procured.  From  Melilotus  altissimus 
and  M.  officinalis  is  obtained  Herba  Meliloti  ;  from  Ononis  spinosa,  Rai». 
Ononidis.  From  the  seeds  (Calabar  beans)  of  Physostignia  ve^irnosuhi,  a 
climbing  plant  of  Western  Africa,  is  derived  the  alkaloid  PHYsosTiGMiNtM. 
The  stems  of  Andira  Araroha,  a  tree  native  of  Arazil,  contain  Chrysarobixi'M 
in  the  form  of  a  powdery  excretion.  The  heart- wood  oi  Pterocarpus  santalinus,uk 
East  Indian  tree,  yields  Red  Sandalwood,  Lignum  Santali  rubrum  (Ptero<"abpi 
Lignum).  Toluifcra  Balsamum,  a  tree  growing  in  South  America,  has  cortical 
balsam-canals  which  yield  the  Balsam  of  Tolu,  Balsamum  tolutanum  ;  Balsamum 
TEUU  vianum,  the  Balsam  of  Peru,  is  supplied  by  Toluifcra  Pereirae  (San  Salvador). 


Order  21..  Myrtiflorae 

Flowers  perigynous  or  epigynous,  usually  actinomorphic  ; 
perianth  mostly  TETRAMEROUS  ;  androecium  variable ;  gynoecium 
entirely  syncarpous  ;  ovary  septated ;  seeds  devoid  of  albumen. 
Leaves  generally  opposite  and  exstipulate. 

The  flowers  of  the  Myrtiflara^  are  very  similar  to  those  of  the 
Rosiflorae.  Both  orders  are  characterised  by  the  variability  dispkyed 
in  the  structure  of  their  flowers.  In  both  orders  the  flowers  are 
actinomorphic,  perigynous  or  epigynous,  and  have  a  tendency  to 
increase  the  number  of  their  parts  by  splitting,  particularly  in  the 
androecium,  which  in  consequence  becomes  polyandrous  in  the  majority 
of  the  Myrtiflarae,  just  as  in  Bosiflorae.  The  main  difference  in  the 
structure  of  the  flowers  of  the  two  orders  is  exhibited  in  the  gyncecium, 
which  in  the  llosiflorae  consists,  at  least  in  the  stigmatic  region,  of 
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free  carpels,  wbile  in  the  Myrlifiorae,  with  the  exception  of  the 
group  Haioragidaceae,  the  union  of  the  carpels  is  complete,  extending 
also  to  the  stigmaa. 

The  vegetative  oi^ns  of  this  order  in  no  wise  resemble  those  of 
the  HosifioToe.  The  Myrtiflorae,  on  the  contrary,  have  usually  opposite, 
entire  leaves,  never  compound ;  the  leaves  also  are  either  exstipukte, 
or  the  stipules  are  small  and  fugacious.  In 
this  order,  unhke  the  Rosiflorae,  many  of  the 
plants  possess  internal  glands,  which  secrete 
ethereal  oils. 

Family  Onagraoeae. — Flowers  epigyn- 
ous,  actinomorphic,  tbtrauerous  thboucii- 
OUT ;  stamens  DIPLOSTEMONOUS  (Figs.  540, 
541). 


ir  Triiit  in  maaj-seeded,  aud  ma; 


The  Oiuvjraceae  include  only  herbs  and  shrulwt. 
Their  flowers  are  usually  large  and  c(insj>i<:uou.-<,  hav- 
ing often  an  elongated,  tubular  recetitacle. 
be  either  dry  or  juicj. 

Rkpiiesestative  Gekera.— EptVotium  (Willow-herb)  haaacapsular  fruit  with 
hairy  seedx  ;  Circata  (Enchanter's  Nightshade),  with  two-ranked  leaves,  fruit  a 
nut ;  Trapa  (Horn-nut)  ;  Otnethera  (Evening  Primrose) ;  Fudisia  (Fig.  541},  with 
corollaceous  caivs  and  tubular  receptacle,  cultivated.  These  are  chiefly  represented 
in  Northern  Europe  by  the  red- 
flowered  S|iccie9ofi!pi7ofriiint,  which 
grow  in  damp  places  and  on  river- 
banks  ;  and  by  two  large  yellow- 
Howered  species  of  Oenolhira  from 
Xorth  America. 

CKiKJHAi'HdAi,  DisTninttTios. 
—The  Ihia.jrateM  are  native  cliiefly 
of  the  tem[icratc  lones  of  Korth 
and  South  America. 

Family  Haloras'^^'^*'*-" 
Flowem  very  Bmall  and  reduecd,  with 


ith   1 
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Bl-KliMr  r-if.  Miiriophijliain  (Water 
Milfoil)  and  llippurin  (Mare's- tail), 
a<iintic  plants  ({rowing  jiartially  or 
wholly  nubiiierged. 

Family  Lythraeeae. — 
Flowers  pebioynou.s,  regular 
or   zygom Orphic,    in    perianth 

'"■'""*■        and  anilrcecium  HKXAMERous, 

of  two  to  six  caqwls. 


Thi.s  family  occurs  for  the 
herbs,  rarely  shrubti  or  trees, 
iirovided  with  a  red  or  violel:  coroltt 


tropical  Ajuerica,  and  contains  chiefly 
iwers  are  usually  »mall,  either  a|ietaloUfl  or 
they  prodiK'p  a  dry  indehisccnt  Iruit.     The 


Spiked  Laosestrife,  Lythmia  Saliraria,  ■  pUnt  growing,  like  moat  of  t^ie  (kmilj, 
in  wet  meadows  and  swamps,  is  an  interesting  representatlTe  of  this  funiljos 
account  of  its  heterostyled  (trimorphtc)  flowprs. 

Family  PimieMMhe. — Comprinng  only  the  genus  Punica,  with  two  spcdei. 

Puniea  Qranalam,  the  Pomegranate,  is  a  small  tree  with  scattered,  entire  leaTn; 
it  grOKs  wild  in  the  East,  but  is  frequently  cultivBt«d  in  Southern  Europe.  The 
flowers  are  epigyuous ;  the;  have  fleshy,  red  receptacle*,  five  to  eight,  also  red 
and  fleshy  sepals,  and  an  equal  number  of  bright  red  petals,  which  are  crumpled  ii 
the  bud ;  numerous  stamens  ;  NCMEBOua  united  carpels  disposed  in  two  whoiu. 
The  fruit  is  a  berry  ;  it  retains  the  peraiatent  calyx,  and  is  filled  with  numeKOi 
seeds,  whose  ancculont  testa  represents  the  edible  (lortioD  of  the  fruit. 

Officinal. — Paniea  Oranatum,  from  which  is  obtained  Cobtex  Gkakati. 

Family  MeUrtonuitMMM. — Flowers  like  those  ofthe  Onayraeeae,  or  perigyuHu^ 
anthers  usually  with  appehdaqes  and  opening  by  fobes  ;  leaves  with  cubted, 
longitudinal  nerves.  A  very  large  family  of  tropical  plants,  particnlarly  abundait 
in  South  America,  where  they  are  represented  by  a  nnmber  of  beautiful  Howerinj 

Family  Hyrtaceae. — Flowers  epigynous,  actinomorpbic,  with  fonr- 
to  five-merous  perianth  and  usually  numbbous  stamens.  Evergre«n 
woody  plants  containing  ethereal  OILS  {Fig,  542). 

The  plants  comprised 
in  this  family  are  shnibi 
or  trees,  which  are  pro- 
dded in  all  their  organs 
with  roundish  glands 
containing  ethered  oile, 
which  give  them  an  aro- 
matic odour.  The  pos- 
session of  ethereal  oili 
is  the  most  distinctive 
cliaracteristic  of  the 
family.  The  leaves  are 
opposite,  entire,  and  of 
an  elliptical  shape.  The 
Howers,  which  alwavJ 
have  both  a  calyx  and 
corolla,  are  solitar}'  or 
Ki.  Mi-K.sr«m  <,.r^p*,^(«^.    1.  i^»"«ni'B  J*™.!-'!.;  ■■.    clustered,  and  oflen  vcrv 

fli™.T  ™i  Ibroush  lungimaiiuilly;  a,  fruit.— ('»■«<■/.«..[.  .       '  - 

(Anrr  wossiDLo,)  conspicuous.     1  he  corolla 

is  usually  white :  it  is 
sumetimcs  reduced,  and  its  function  as  an  org.in  of  attraction  is  assumed 
by  the  andrcecium,  which  acquires  for  this  purpose  a  bright,  usually 
red  colour.  Some  species  have  haplostemonous  or  obdiplost«monous 
androecia  ;  from  such  species,  as  is  apparent  from  the  transitional  form*, 
those  with  polyandrous  ondroecia  have  been  developed  by  the  division 
of  the  stamen-rudiments.  The  fruit  is  succulent  or  capsular,  rarely 
uut-lilce. 


The  Myrlaetae  are  conSocd  to  wiirmer  ccmutrios.  Europe  possesses  the  single 
a]Hci«s  Uj/rtta  communit,  tlie  Myrtle.  This  famil;  is  especially  chftracteriBtic  of  the 
Flora  ofAuBtrKliA,  in  wliicli  it  forms  tbe  most  BtrikinK  feature  aa  re^tarda  the  number 
of  species  and  iudividuuU,  including,  in  jartioiiUr,  tlie  Eucalyptus  tree,  which 
often  attxina  a  greater  size  than  even  tliv  giant  Conifers  of  Cslifoniia.  Of  late  years 
Eucalyptus  trees  have  been  largely  jilanted  in  all  warm,  malarial  countriBB.  On 
am^onnt  of  their  TroDiltrfiil  rapidity  of  growth,  they  absorb  large  quantities  of 
water,  and  thus  both  drain  the  soil  and  purify  the  air.  In  tlie  Tropics  also,  as 
forest  trees,  the  Myriaeeue  occupy  an  important  position.  Many  produce  delicious 
&iiit,  t.g.  QuaTa,  Pndivm  (huiva.  From  other  species  spices  are  obtained.  Cloves 
ore  the  flower-buds  of  Ewjmia  earyophyllatn,  a  small  tree  indigenous  to  the 
Holuceos.  but  cultivated  in  moat  tropical  countries  <Fig.  bi7)  ;  the  utalk  of  the 
olove  corresponds  to  the  receptacle  of  the  flower.  The  fruit  of  another  tree  of  the 
■ame  genus,  E.  Fiiitenla,  is  known  as  allspice. 

OfriuiNAL.— C.iBTopHYi.i.i  (Cloves),  from  Eugenia  rarynphyllata. 


Hystarophyta 


■ly  [irovisionally   eatabiislied,    indudes 


illoKnin.    (Alter  Woauiiui,) 

chiefly  pkuts  that  tire   PAitASlTlC,  and    whiu); 


regarded    as    of    recent   origin.      Flowers  epigynous,  with  simple  Of 
double  perigone. 

Family  Arlstolochlaceae. — Flowers  actinotnorphic  or  more  fre- 
quently zvcoMOKPiiii; ;  with  simple  corollaceoua  perigone  consisting  of 
three  coherent  members  ;  andrceciuni  usually  of  six  or  twelve  stamen^ 
which  are  either  free  or  united  to  the  style  (gynostemium) ;  ovary  four- 
to  six-locular  ;  fruit  a  capsule.      Herbs  and  lianes  NOT  PARASITIC 

This  r&mily  compnaea  chivfly  tropioBi]  gilaats  with  cordate  or  reuifonn  letiHi 
represented  id  Europe  and  North  Ameriuft  by  the  gt^nore  Atamm  (AunbMM, 
Wild  Oiager]  irA  Arislolofhia  ( Birthwort).  The  Europe&n  speEJea  ot  AtaruM, 
A.  europaea  (Fig.  643),  is  ■  nuO 
herb  with  browu  flowers,  haTin| 
a.u  sotinoinorphiG  perigone  >nd 
frfu  fltunfSB.  An  cxaioplc  of  tb* 
genus  AritloliKhia  is  alTordnl  tf 
A.  CUiiuiliiU,  s  luge  imennial 
ivhose  flowers  h«vo  a  tygoinorpUt 
pprigoue  and  n  gynoctemioM. 
ArUMofhin  ripho,  the  Pipe-VinB 
ol'  !forth  Aiuerica.  is  a  G-equmt^ 
nijltivsted  cliinijor. 

Tbe  two  families,  BsfflMii 
and  BalumphoiscMA,  are  leafliM^ 
olten  FuQgus-likp,   root  parasilM 
cutirely    dovDld     of    EldorophTlL 
Tho  lu-at-named  fuuiiy  has  Mili- 
tary flowers,  often  ofui  onomoal 
•nilhun.    1.  Pirt  of  >h<nt  wtth  riitnalr>    size.       TliP     flowen    of    AijCdil 
friilt!  2,  (froop  of  (lowBPsi  S.  a  nuUn    Arnoldi  (Sumatra)  are  the  Iwpri, 
It  through  lonirftndlBslly:    „f  jj,  flowers,  attaining  a  dianwtw 
hatt.—1'onusora.    (Annr      -,         ^m,       a  #., 

of  !  metre.     Tlie   flowers  of  Uw 
Balanophoraixae,     on     the    otbtr 
hand,  are  small  and  aggregated  into  dense  heads  or  apilces.     Both  familin  u* 
almost  o»c!lusivBly  confined  to  the  Tropics. 

Family  SaaUlaoMM.— Flowers  ACTixoMORFHir  ;  with  a  small  groeuiali  sunpl^ 
triioerouH  or  pentameroua  perigooe ;  andrcecium  of  a  like  number  of  «taineaa£ 
ovary  unilocular,  with  three  ovules  attached  to  ■  free  cektral  pucbiitVi 
Seeda  wiTHOiT  sEEu-coATB.     Terrestrial  parasites  with  leaves. 

The  plants  included  in  this  fsmily  are  chiefly  tropical,  repre3ent«l  by  bcrtll 
and  ahruha  with  incoDFipicuous  flowers.  Provided  with  leaves  and  growing  « 
ground,  they  absorb  a  laigu  part  of  their  food ;  their  roota,  however,  dweb^ 
haustoria,  whiuh  penetrate  the  roots  of  other  phuits,  t.g.  Tketitim  liaopKyllam,  dil 
Bastard  Toad -flax. 

Offh-'ikai.. — Sanlaluia  albvin,  a  paraaitic  tree  growing  in  East  India,  yidA 
the  valuable  aoented  Sandal-wood,  from  which  oil  of  aandal-wood,  Ol.Em  SaSTAU 
is  obtained  by  distillation- 
Family    Loranthaceae.  —  Flowers    Ai?TlNi'MORl'Hic,    witli   daubK 
coroUaceous  or  talycoid,  two-  to  throe-merous  perigone;   andnvctua 
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diplostemonous ;  ovary  usually  without  distinctly  differentiated 
OVULES  or  placenta.     Leafy  shrubs  parasitic  on  trees  (Fig.  544). 

The  plants  of  this  family  are  mostly  tropical.  Loranthus  europaeus  occurs 
upon  Oaks  in  Eastern  Europe.  Viscum  album,  the  European  Mistletoe,  is  a  small 
evergreen,  dichotomously  branching  shrub,  parasitic  upon  various  species  of  trees. 
It  absorbs  its  nourishment  by  means  of  haustoria  consisting  of  root-like  strands 
concealed  between  the  cortex  and  wood  of  the  host-branch.  The  white  berries 
produced  by  the  female  plants  are  eaten  by  birds,  which  in  freeing  their  bills  of  the 
sticky  endocarp,  by  wiping  them  on  the  bark  of  trees,  are  at  the  same  time  instru- 
mental in  distributing  the  seeds. 

Poisonous. — The  berries  of  Viscum  album  when  eaten  by  children  have  been 
known  to  produce  symptoms  of  poisoning. 


B.  Sympetalae 

Perianth  consisting  of  a  calyx  and  an  almost  always  sympetalous 
corolla. 

The  flowers  are  always  cyclic,  and  in  the  majority  of  cases  con- 
structed, actually  or  theoretically,  according  to  the  formula  K5, 
C(5),  A5,  G(2).  The  stamens  are  generally  inserted  on  the 
COROLLA.  The  fact  that  the  gynoecium  consists  typically  of  only  two 
carpels,  must  be  regarded  as  the  result  of  reduction,  as  flowers  with 
five  carpels  sometimes  occur.  To  the  Sympetalae.  belong  the  following 
orders :  Ericinae,  Diospyiinae,  Primulinaey  Contortaej  Tubiflm'oe,  Person- 
atae,  Labiaiifloi'aej  Bubiinae,  Campanvlinae,  Agfpegatae, 


Order  1.  Ericinae 

Flowers  usually  hypogynous,  actinomorphic ;  formula,  Kn,  Cn, 
A2n,  G(n),  in  which  n  is  usually  5  ;  corolla  soii\etimes  choripetalous ; 
andrcEcium  obdiplostemonous,  not  adnate  to  the  corolla  ;  jwllen 
usually  in  tetrads ;  ovary  multilocui^r.  Leaves  needle-shaped  or 
lanceolate. 

Of  all  the  Sympetalae  the  Ericinae  approach  most  closely  the 
Choripetalae,  not  unfrequently  having  free  petals,  while  the  stamens  are 
inserted  directly  on  the  receptacle.  They  form  a  very  natural  group, 
whose  close  affinity  is  exhibited,  not  only  in  the  structure  of  the 
flowers,  but  also  in  the  vegetative  organs.  The  axes  are  nearly 
always  woody,  usually  comparatively  short,  and  branching  profusely 
close  to  the  ground.  The  leaves  are  generally  small  and  entire,  in 
most  cases  leathery  and  evergreen.  The  flowers  are  always  adapted 
to  insect-pollination ;  they  are  often  quite  small,  but  in  that  case  are 
aggregated  in  conspicuous  racemes,  usually  of  a  white  or  crimson 
colour.     The  seeds  are  small. 


Family  Ericaceae. — Flowers  hypogynoiis  or  epigynous ;  coroll* 
usually  .syupiTALOUH ;  stntneDB  free;  anlhers  opening  by  pores  or 
short  slits;  ovary  with  (utMi'LLTELy  SKPAH.iTED  Utvvu  ;  placenta 
not  greatly  thickeneil.  Seeds  »rith  SBOHKKTR) 
embryo  {Figs.  545-547). 

The  aiithera  of  many  plants  of  this  family 

Ijave   horn-like    appendages   (Fig.    r>-t7);   tlie 

whole  order  is  therefore  sometimes   in^pro- 

priately    named     Biwmejf.      At     their    upper 

exlreniities    the    thecffi   are    usually   free  and 

_^^^  divergent.     The  pollen-grains  adhere  in  tetrads. 

The  frait  is  a  capsrde,  berry,  or  drupe,  e 

'"  Vairiniii^BTiim™ii    "    ti'i'i'^g  Very  small  seeds  with  abundant  endu- 

B|>erm.     As  regards  the  vegelutive  parts,  the 

Ericaceae  are  typical  of  the  order. 

St;ii-KAMTUE8.~{1)  Jlkododftidroideai.  Flowers  lijimgyooiis :  corolla  rbgsoiatw; 
UMtliers  without  uppeiidagoa  ;  septicida!  eajisules.  Lrdum,  S/niiodeiulron,  A»U»,  ^ 
etu.  {2)  Arbuloideac.  Flowers  Iiypo. 
gynoUH  ;  corolU  fogsuious  ;  »Dthers 
mostly  sppundicuUte  ;  toouoitlal  cwpauloH 
or  suocnleiit  fruits.  Andromtda,  Ardo- 
ulapkylm,  etc.  (3)  Ericoidaie.  Flowers 
hypOKynens  ;  coroIU  pernistenl  j  suthers 
mostly  sppendiciilkte ;  fhiit  s  capaulc. 
Calluwa,  ciUyx  longer  than  llie  eorolU  ; 
capsnlcB  wjptioidal.  Erica,  calyx  shorter 
than  the  corolU ;  capsules  lorucidal. 
(4)  Vaecinimdeae.  Flowers  epigynous  ; 
fruit  a  berry.     I'aceinitini,  etc. 

OKOOIUmll'AL    DiBTRint'TIOS.— Thi- 

plauts  includsd  in  tbU  Toniily  are  fouml 
widely  distributed  over  the  whole  earth. 
Specieaof£'rJciwJ«u  known  as  Heather. 
Calluna  valgarii  (Fig.  646),  nnd  dtlfereDt 
sfiecies  of  Sriea,  cover  wide  stretches 
of  dry  ground  (beatlis)  iu  Central  and 
WeHtern   Europe   with    a  tliicic   bed   or 

The  various  species  of  AViea,  frequently 
cultival«<l  aH  jKit-planta,  are  mostly  from 
Soutbcru  Africa,  where  this  genus  is 
very  largely  represented  and  exhibits  ■ 
wooderFul  richness  of  colour. 

Pnisosors.— The  sptcies  of  Jthoilo- 
dttidnm  and  Aialta  contain  toxic  prin- 

oiplea  in  all  their  organs.     The  incautious  use  of  Lfdam  paltuln  {Hi 
silvestris)  hu  often  had  fatal  consequences.     It  is  »  small  shrub  with  umU-ko* 
white  Bowers  and  linear  leaves  covered  on  the  under  aide  with  rustj"  brown  hain. 

OrFKjyAh.—ArctualajiiiijIoii  Uva  arai,  the  Boarberry  (Fig.  647):  a  small  'tb- 


vnch:   'J,  lluiiei:  S,  flume   raa  tWui^ 

iiKituiiiiuiii^ :  4,  rruli 

iml  ilti4iniii.    (Afl«r  Wosamu).] 


PHANEROOAMIA 


Family  Pyrolaeeae. — As  in  the  preceding  family,  except  that  the 
placenta  are  very  fleshy  and  the  embrjo  not  SE(iMENTED,  Humus- 
plants  with  or  without  chlorophyll:  e.g.  Pffida  (Winter-greon),  ever- 
green ]>erenniats  with  racemes  of  white  flowers ;  Monotiiipa  (Indian 
Pipe),  devoid  of  chlorophyll. 


Order  2.  Dlospyrlnae 


)    ivhtrc   11   19   UHiiallj   4   or  5 

mous   or  by  suj-iresaion   liaplo- 

»t*nioiiouB;  ovary  MrLTCLOci  I  \H,  witli  onlj   (ii 

or  Ion   o\  iilps  lu  each  looului. 

EviTgreeu  noojy  lOrnit'. 

Tro]i<-n1   trcra   nitli   1atr\   m 

sMfetory  cells. 

OFKurs.vr,.— GrTTA-itMHi   the  dned  Utox 

ol  ^ll«;ll-a  of  Piilaqaium  (MaU\ 

Arcliii«Ugo). 

ir    ijigjiioiu      \\itliout    latei 

Chiefly  tropical. 

OFficiSAi..— Bknz.umm    a  nain  jffocurwl  1 

•,   mikmg  .Uq.  incmoiiH  in  tlie 

bark  otStyna  Bcn:oin. 

Order  3.  Prlmullnae 

Flowers  iiYiii(iy\ov«,  actinomorphlc,  K."),  (."'>,  Afi,  (i(r));  andra-- 
cium  adnate  to  the  corolla,  El'lPETAUifs ;  ovary  rNll/M;ULAR,  with 

FREB  IK.STRAL  I'LAfENTATION. 

The  I'l-imalinae  exhibit  the  greatest  diversity  in  their  vegetatii'e 
structure.  Constant  characters  ap]>ear  only  in  the  flowers,  which, 
however  diflerently  shaped  and  grouped,  always  have  an  epi[)etaious 


Plonl  lilD^tnuu  (fVi-  loneltiultmll}-,  ihowtiig  the  cviitml  iibii«n(ii;   i,  apanl*:  t,  «*A- 

nulay.  PuiKXOVS.    (AHi-r  Wowinifl,) 


ym.  flSO.— CjfrfiuwmiirnjmTim.    J ,  tnliro  |iUiii( ;  B,  fnilt.— /"o/w.Tora.    (Altoi 


andrcecium  and  a  unilocular  ovary  with  a  central  placenta.  Of  all 
the  other  SgrnpetaUie,  the  Utiiculariaceae  alone  have  Bimilar  placentce. 

Family  Prlmulaceae. — Calyx  herbaceous;  style  siwrLE;  ovules 
NUMEROUS  ;  fruit  a  ca|>sule  (Figs.  548-550). 

The  plants  of  this  family  are  for  the  most  part  email  herbs.  The 
Sowers  are  sometimes  small  and  inconspicuous,  sometimes  large  and 
beautifully  coloured ;  they  are  either  solitary  or  grouped  in  inflores- 
cences. The  capsules  split  at  the  apex  into  valves,  or  the  whole  top 
falls  ofT  like  a  lid. 

Rki-kkskstative  Qknbba. —Prtmuta  (Primrose,  Cowslip),  with  roaettB  of 
radicnt  leaves,  and  flowers  in  wuliels ;  corolla  with  long  tube ;  capsule  ojieDiog  \iy 
valves.  Atulroaace,  like  the  preced- 
ing, except  that  the  coroUa  ban  a 
shorter  tabe.  Lynmaehia  (Loose- 
strife, Mooeynort),  stems  irith  well- 
developed  intemodea  and  leaves. 
Jtutgatlis  (Pimpernel),  fruit  a  pyxi- 
dium,  dehisciug  transversely  by  a 
lid  (Fig.  5*9). 

Geooraphical  Dwtributios.— 
Host  of  the  members  of  this  family 
are  iodigenoas  to  the  Tempvrstv  and 
Arutio  Zones  of  the  Northern  Hemi' 
sphere.  Various  species  of  Primvla 
{P.  ataiulit,  aunenla,  sinttuii,  etc.) 
and  Cyclamen,  etc.,  are  cultivated 
■■  ornamental  plants. 

PoisosoTjs.— The  tnbers  of  Cyela. 
vttn  europaeam,  the  Alpine  Violel, 
which  ocoure  wild  in  Bavaria  (Fig, 
660),  ore  harmless  and  edible  wbl^n 
cooked.  AnagalUs  arveniii  (Poor- 
man's  weather-glass)  and  J.  aurruUa 
■tra  slightly  toxic. 

The  UyTtinaetae  are  tropical 
woody  plants  elosely  allied  to  tlie 
Prfmviaetiu.  Fruitadniiw.  Arditia 
erntilata\»&  well. known  urnamentul 
plant  beluDging  to  this  funiily. 

Family  Plumbasrlnaceae. — 
Flowers  with  dry  and  mem- 
BHANACBOUS  CALYX,  divided 
style,  and  ONE  ovule.  Fruit 
a  capsule  (Fig.  f,^\). 

To  this  family  belong  chiefly  perennial  herbs  with  rosettes  of  grass- 
like or  lanceolate,  entii-o  leaves.     The  small   roso-colonred  or  violet 
flowers  are  home  at  the  extremity  of  a  long  naked  stem,  usually  in 
I    panicles  or  capitula  of  scorpioid  cymes.     The  calyx,  although  dry  and 


a  HgncT ;  i,  calyx  with  tbo  |iixt)nU»g  ■[fliB :  1. 
gjrnoduin  wlUi  ovaiy  cut  throUKb  luugltu. 
rllijilt]',  showing  Qui  ilncla  oniln;  S,  flonl 
<liigniii.    (After  WaHmLD.} 


membran&ceous,  is  brightly  coloured  except  in  the  genus  Pluv^xigoti 
whose  flowers  have  an  herbaceous  calyx. 

Reooraphical   DisTiiiBL-nos.— Tlio  PluB^aginofrJir  are   for   ibo   mm 
native  of  the  seit-coast ;  thtj  occur  a\ao  in  sa1t-stuppe»  nnd  degcrts,  e.ff.  Staliei 
(Sen-Lavfudcr),  Jrmcrin  (Thrift). 

Order  4.  Contortaa 

Flowers  hypogynous,  actinomorpliic,  with  the  formula  Kn,  Cn. 
An,  G2,  in  which  n  =  4  or  5  ;  coroUa  frequently  WITH  coNTORTEn .ESTI- 
VATION ;    andra'cium    adnate     tc    the    corolla.       Leaves     oPlvisiTlt, 

ENTIRE. 

The  Crmtoriae  constitute  a  heterogeneous  order  of  plants,  which  majf 
be  most  readily  distinguished   from   other   Sifm^it'lalaf  with   aclino- 


morphic  flowers  by  their  opposite,  entire  leaves.  The  cont4)rt«d 
iBBtivalion  of  the  corolla,  to  which  the  name  of  the  order  has  ntf^ 
ence,  although  of  frequent  occurrence,  ia  not  a  characteristic  cominai 
to  all  the  members  of  the  order,  nor  is  it  restricted  to  the  Contortat. 

Family  Oleaceae. — Corolla  with  imbricate  or  valvatk  icsttn 
tion;  andnmura  of  two  stamens  j  gynrecium  syxcARPors ;  ovu] 
BiLOCUiAB.  Woody  plants  without  latex;  leaves  exsti-^ulatc  (Fi}* 
552-654).  [  ■ 

The  [lUntit  compil'^cd  iu  this  family  nii>  I'ither  shnibii  or  treea.     Thv  Icavt 


PHANEBOGAUIA 


OBUsUy  simple  and  entire,  more  rarely  lobed 
or  compound.  The  Bowers  are  generally 
anuill  nnd  in  paniculate  inflorescences  ;  they 
have  a  small  calyx  aud  sometimes  a  synpetal- 
ons,  BametirneB  a  choripetalous  corolla  ;  in  a 
few  species  they  are  apetalous.  The  two 
itsmenB  constitute  the  most  eaiiily  rccoguisFd 
characteristic  or  the  family.  Each  loculus  ol 
the  ovary  contains  two  ovnlea.  The  fruit  if 
•  ca[MUle,  a  dry  iudehiacent  fruit,  a  hcrry  or 
a  drupe.     Many  H)M.<cies  contain  mannite. 

Rkphesbstative  Genera.  —  FToxinun 
(Ask),  with  pinnate  leaves ;  Ligu*tniiii 
(Privet).  Olea  (Olive),  Sjpinga  (Lilac),  Jan- 
■mitttim  (Jfssamioe}. 

Oeoorafbic'al  DlsTBtfiCTiosi.— The 
family  Oleaeeae  is  chiefly  represented  Jo  Asia. 
Several    species   are   familiar  as  ornamental 
plants,   f.g,    the    different   ap«cies   of   Lilac        (aj  id 
istjringn     migaris,      from      South  -  Eastern        Temo 
Europe  :  S,  ehinfiisii,  S,  perrito),  Jessamine        (Atlii 


(lAumtnum  fjnindifiur 


.  (Fig.  5M), 
extracted  from  the  pulp  at  ibe  ript 
•m  the  seeda.     The  wood  (OUve-WDcd) 


ecoDomic  plant  oF  the  funily  U 
cultivated  in  Southern  Eurojic.  ' 
Ihlit,  and  also,  althougli  to  a  less 
is  used  for  a  variety  of  purpoaes. 

Ofkicinal. — Olevm  Olita£  {vide  MKprn) ;  Hanha,  th«  dried  sap  of  the  HuuM- 
Aah,  Frtiteinua  Otjiui  (MediterraiiDan}. 

Famil;  Losftniaces*.  —  Flowers  always  with  a  synjwtalouK  corolla  aod 
HAPLOSTEHONOi/S  andnvcium,  in  other  respects  essentially  thv  saiue  as  llio«r 
tlie  OUtiecia.     Tropical  wood;  plants  without  latex,  rarely  herbs  with  sTiri'LLt. 


PotsoKors.—CiTitAHE,  used  by  the  South  American  lndiamforpoi«>niiigMTD«i   i 
and  also  ns  a  Malayan  arrow  poison,  is  prepared  trom  the  bark  of  sevenl  sj 
Slrt/Anvs.     The  eeeda  of  Sirycftnw  nua;  Hvmico  [  rfrfc  infra)  aie  eitremely  p 

OfglclHiL. — Stryeknon  niu:  vomica,  an  Eset  Indian  tree  whotw  fruit  r 
an  orange,  but  hat  ■  hard  rind  and  usually  ouly  oue  seed,  yields  Seukn  S 

or  ISVX  VOMICA. 

Family  Gentlanaceae. — Corolla  with  contobtkij  .esTiVATloNifl 
andrceciutD  haplostemonous ;  gyniscium  svncaRPous  :  ovary  lutwl^l 
UNILOCULAR,   with  parietal  placentre.     Herbs  without  Ut«z,  whotlf  J 

■■estricted  to  the  Temperate  Zone  (Figs.  555,  556^ 


The  planU  included  in  this  family  are  large  or  small,  glabrous 
herbs.  Their  leaves,  which  are  almost  always  opposite  and  entire,  are 
destitute  of  stipules.  The  tlowera  are  often  large  and  Inghly  coloured, 
terminal  antl  solitary,  or  more  frequently  they  are  arranged  in  di- 
chasial  inflorescences.  The  fruit  is  a  two-valved,  many-seeded  capsule. 
Many  species  of  Gi^a>uK«ac  are  rich  in  bitter  principles. 

REPliluENTATtVE  Gemeka.— OvotiatiA  (GeotiuD),  with  atrajgiit  anCliers  ;  Er^- 
(Ame(i(Cetitaur)'),  withantherssjiirally  twisted;  CAZDni(Velbw-wort);  MatyatOha 
(BDcktwan),  with  scattered,  temate  lesvea. 

Opfioikal. — OeiUiana  Ivtta  (Fig.  655),  and  G.  pannoaiea,  pundala,  purjmrea, 
yield  Hadix  Oektiakak  ;  Erylkrata  Centaarium  (Fig.  5SS],  Hebba  CEHTArBii ; 
Mcntjantha  tri/oliata,  Foua  Tuifolii  fibrini. 


Family  Apooynaceae. — Corolla  with  contorted  estivation  ; 
andriecium  haplostemonous ;  pollen  granular  or  in  tetrads ;  carpels 
usually  FRKE  BELOW ;  RiNG-RHAPKD  .'iTiGMA.  Plants  with  I^TEX  (Figs. 
B57,  558). 

In  this  r&niily  ■ro  roproBciitcd  perennial  herbn,  nhrubs,  lianes,  and  trees  ;  all 
usually  evergreen,  with  opposite,  entire  leaves.  The  rotate  or  fiinoe I 'Shaped 
flowers,  which  are  often  largo  and  ci>D9|iicuouii.  are  aggregated  in  cymose  inflores- 
oenees  ;  the  fruit  is  UBUulty  a  cajiaulo,  botb  of  whose  free  carpels  (follicles)  dehisas 
along  the  rentrnl  suture,  settiog  free  nnmvroua  and  orten  iia,iry  seeda  to  be 
disseminated  by  the  wind. 

GiHiuaAFHic7Ai.  DisTRiBPTios.— TliB  ^pocffKoetoe  are  chiefly  indigeuous  U>  the 
Tropioe,  where  uumeroua  speciva  are  found.  Familial  examples  of  this  fiunily  are 
■Ifonled  by  the  Oleander,  A'en'nrji  Olr'titdrr,  and  Periwinkle,  Pinat  minor  (Fig. 
667). 

PoiBosocs.— AVn'uni  Oleander  (Fig.  558),  an  evergreen  ahrab  of  Southern 
Europe,  with  lanceolate  leaves  and  large  rosc-uoloured,  niorn  rarely  white  ur  light 
yellow,  fragrant  (lotrera.     All  parts  of  the  Oleander  are  poisonoua. 

Otriciniit. — Various  species  of  Strophanlhvt  (e.g.  S.  hiipidiui),  iropioal  liinca 
of  Western  Africa,  yield  Sehrh  Stbopuanthi.  From  Aiptdofptrma  Qv4hrae/ui,  a 
I      tree  native  of  the  Argentine  Republic,  is  derived  Oiktex  Qvr.uitAi'iin. 


1 


Family  Asclepladaceae. — Corolla  with  contorted  estivation; 
andrcecium  haploetemoaous ;  pollen -grains  of  each  loculits  of  the 
anthers  adhering  t<^ether,  in  the  form  of  > 
POLLINIUM ;  carpels  with  FBKB  oVABuca, 
united  above  Into  a  PRisMATrc  STIfiMA-  PlanU 
with  LATEX  (Figs.  559,  560). 

In  tlicir  vogetative  porlionsand  l^it  the  Attlepia- 
daceae  ue  like  the  Apoennaeeac,  but  differ  front 
them.  SB  from  all  othtir  Diootylodons  in  the  *tnic- 
turu  of  their  kndrcECia.  The  etsmeus  are  united,  tt 
leoat  at  the  base  ;  each  of  them  beats  a  large  donal 
ajipend&ge  (Fig.  5B0,  A).  These  stamina]  append- 
ages together  form  a  ooroaa.      Especially  ohwM- 

pollinia,  resembling  those  of  the  (h-ehiiiiutat  <t/. 
p.  488).  For  the  piirpOBP  of  pollination  by  insect*, 
the  pollinia  ore  attached  in  pairs  (oup  poIUiiiaB 
from  each  pair  of  coutigiioiiH  anthers)  lo  ■  cobTTs- 
urLl'M  or  glandular  outgrowth  of  the  stigma  (?)g. 
659,  B,  C). 

GEOOBiPHlCAL    DlSTKlBl'TIOS.  ^Thp    Atdtfia- 

dactac  are  chicRy  native  of  the  Troiiivi,  where  Hatj 
ue  found  a«  lianes  or  epiphytes.  In  the  bama 
desert-regions  of  Southern  Afrioa  they  ore  t«pi«- 

l-w.  »».-l'i~««l««  qjr^nol.   rented  by  leafless.  Cactus-lite  suMulents  (Stoprtol. 

Umi-tiai—Pniaoxova.  PuiTONOifs.— The  latex  of  most  of  ll\6  Atdtpiu- 

dartat,  and  also  all  parts  of  the  species  Vineelaxiatn 

qfidnale  (Fig.  5S0),  possess  toxic  principles.     The  latter  is  a  small.  inamspicoDO^ 

white-flowered  plant,  with  capsnles  and  long-haired  seeds. 

OfkH'INal. — The  bark  of  Ooaolabtis  Condiiraiiga  and  oilier  lianes  of  Pwru  ai>d 

Etuftdor  yield  Cohtes  C<iNnrnAM"'. 

Order  5.  Tubiflorae 

Flowers  hyix»gynoua,  ACTINOMORPHIC,  sometimes  slightly  xygo- 
morphic,  generally  with  the  fonnuta  K5,  C5,  A5,  G  W ;  stamens  COM- 
PLETE IN-  NUMBER,  inserted  on  the  eoroUa;  ovary  bilocular  (rarely 
trilocular),  with  two  ovules  in  each  loculua ;  loculi  frequently  chanh 
bered  by  faiak  dis.sepimkst8.     Leaves  alternate. 

Ill  spite  of  the  great  ditfereiice  in  appearance,  the  structure  of  tb» 
flowers  proves  the  existence  of  a  close  afBtuty  between  the  diflerent 
meml^ers  of  the  order.  The  families  included  in  the  Tvi^irrat 
form  the  beginning  of  a  series,  which  is  further  continued  by  the 
families  of  the  two  next  succeeding  orders,  the  Pi-rwnaliie  and  Labiati- 
fiorof.  That  the  families  of  the  TMjhrae,  in  particular  the  Cn- 
roh-ulaceae-,  are  the  oliler,  or  have  deviated  less  from  the  ancestiml  fofD. 
is  rendered  probable  from  a  comparison  of  their  aclinomorphic  flowen 
and  pentameroUB  andrn-cia  with  the  zygomorphic  flowers  and  reducoJ 


androecia  of  the  Parxmwlw  and  Imbialiflimu.  The  varying  number  of 
carpels,  their  not  infrequent  separation,  and  tlie  variability  in  the 
number,  position,  and  structure  of  other  parts  of  the  flowers,  while 
establishing  the  connection  of  the  Taliififrof,  with  other  orders,  (xinfirm 
the  supposition  of  their 
greater  age.  In  the  Perifin- 
alae  and  Liliiatijlmw,  on  the 
other  hand,  the  flowers  appear 
to  be  cimBlructed  in  accord- 
ance with  a  fixed  type. 

Family  Convolvulaoeae. 
—  Corolla  FOI.DKD  r«NGi- 
TtT3iSALi.v  in  the  buJ, 
TWiSTEli,  usually  to  the  right ; 
ovary  bil ocular,  with  two 
erect  ovules  in  each  lociilus  ; 
loculi  often  two-chambered  ; 
embryo  curved.  Mostly 
CLIMBING  herbs  and  ehrubs, 
usually  with  I^tex  (Fig. 
561). 

The  majority  of  the  plants 
in  the  family  are  siiiiatrorse 
herWeous  climbers,  with 
beartr^haped  leaves  and  con- 
apicnous  flowers,  usually  with  i 
a  funnel-shaped, slightly  lobed 
corolla.  The  fruit  is  a  capsule 
or  berry.  In  addition  to  the  normally  assimilating  leafy  species,  the 
bmily  of  the  Conmlmlaivae  includes  (species  of  the  genus  Cuscuta) 
a  number  of  thread-like  |)arasitic  plants  almost  devoid  of  chlorophyll. 
The  species  of  this  genus  twine  about  other  plants  and  obtain  nourish- 
ment by  sending  out  haustoria  into  their  stems  (rf.  p.  308,  Fig.  183). 

Eeprebent.vtivk  GT.SEK\.—CoavalvtUtu,  with  two-uJ*It  style  (e.g.  C.  arventit. 
Bindweed,  Fig.  551i  ;  Calt/stegia  (Bniutvd  Bindweed),  like  the  preceding,  bal  with 
two  large  bracteoleH ;  Ipoianta,  titylc  raiir-cloft  (e.g.  I.  yurpitrra,  the  conimou  MomiDg 
Glory) :  Cutevla  (Dodder). 

OWIOBAPHICII,  DlsTRint-TIoN.  —  Tha  CimiMlmlaetar  are  most  extengirelj 
NftreMnted  in  trapie&l  America.  Soverkl  spooiea  of  this  family  ire  well-known 
oriuinaiital  pUnta.  Ipamoca  Baiaiat  is  Urgvly  cultivated  for  the  tuberous  roots 
(Svwt  Fr)Uto«s). 

OKriciMAL. — Ipomofn  Pitrya,  a  Mexican  climbing  ]>1iuit,  yielding  JaUp, 
Ti'HxnA  Jalai-ak. 

Tho  PoUimmincar  dilfiir  fruiri  the  Connilvulatfar  in  having  throe  e>r|>cU  »nd 
no   Intex.     Viu-ioii"  h|hscli;!i   iif  PaUiaonium,    CiAata   and   Phlox  Mr  ornaniental 

Family  Boraglnaceae. — Corolla  with  imbricate  ffifitivation  :  ovary 


2  Y 


dimerous,  but  deeply  four-lobkd  or  ckaubered,  with  one  suspended 
ovule  in  each  chamber.  Style  inserted  in  the  depression  between  tlio 
four  projecting  lobes  of  the  carpels.  The  fruit  is  a  fodb-PArtitk  schizo- 
CARP,  consisting  of  four  nutlets.  Seeds  usually  without  endosperm. 
Inflorescences  SCORPIOID  (Figs.  562,  5fi3). 

The  Btyraginaeme  are  for  the  most  part  herbaceous  plants,  and  con- 
stitute one  of  the  most  natural  and  easily 
recognisable  families.  The  succulent  stenu, 
covered  with  harsh  hairs,  the  entire  leaves, 
the  scorpioid  intiorescences  with  spirally 
coiled  branches,  the  usually  blue  flowers, 
and  the  distinctive  structure  of  the  fruit. 


all  serve  to  give  the  plants  comprised  in  this  family  a  highly  charu- 
teristic  appearance. 

Eepresentative  Genera.— (rt)  TliroMt  of  IIib  corolla  witb  kcsIk:  Am/> 
(Borage),  sUnmnB  vfitli  liom-like  ttijpnidnBea  (Fig.  6fi2) ;  Symphj/lam  (Com&«7}: 
Myoxitii  ( Forge t-iuu.QDt).  (b)  Throat  or  corolla  without  scalui  Pulvtoumtim 
(Lungwort);  Echiaai  (Viper's  Buglosa),  with  lygomorphic  flowera  (Fig.  S/tS); 
Lithoiptriaum  (Gromwall),  nutlets  atony,  om-ag  ta  the  preseiic*  o{  oaldiUD 
aarbooBte.  Anomalous :  Seliotrojiivm  (HeliDtittiie),  with  undivided  ovary  pn> 
longed  into  rtn  apici.1  style. 

Oeoo&afuicai.  DlsTRiBrTCOK. — The  members  of  this  family  abound  In  tlit 
North  Temperate  Zone,  parCiiMilarlj  in  the  Mediterranean  countries. 

To  the  TiibifioTUe  lielong  also  the  two  families  ffydraphyllaeeae  (eliHHy  IB- 
digcnous  to  America)  ancl  Corrfiorfoe  (tropical  woody  jilants,  with  drupaceous  ftuiU 
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TheMi  two  ramiliea,  neither  of  which  is  represented  in  Europe,  stand  in  cloee  relation 
to  tlie  Convotvutaceae  as  well  aa  to  the  Boraginattat,  bridging;  over  the  gap  between 
them.     Tlie  HydTOphyllaetat  also  exhibit  a  near  affinity  to  the  fallowing  order. 

Order  6.  Personatae 

I'lowers  hypogynoue,  mostly  zygomoiiphic  ;  typically  with  the 
formula  K5,  C5,  A5,  G(i>,  but  usually  with  a  reduced  amdr(ECIUM. 
Stametis  inserted  on  the  corolla;  ovary  dimerous,  bilocular,  rarely 
with  fake  dissepiments,  usually  with  NUMEROUS  ovules.  Leaves 
alternate  or  opposite. 

Included   in  this  order  are  herbs  and  woody  plants,  generally 
with  conspicuous  flowers.     The   corolla  is   commonly  bilabiate.     In 
most  instances  the 
andrivcium      is         ,-y_,-/t.^ 
reduced     to    four  '^^-   — ^*^*^ 
stamens,   disposed 
in    two    pairs    of 
unequal     length ; 
more   rarely  only 
two    stamens    are 
present  The  fruit 
is  most  frequently 
a     capsule     with 
albuminous,    or 
sometimes  ezalbu- 
minous  seeds. 

Till'  Hulaaaccae 
are.  [iliylogcnetiually, 
jiroliably    the    oldest 


fvnily  of  the  order,  and  in  their  gencmliy  actiiionioridiie  lliitveni  and  pentamerous 
andriLt-ia  tliry  exhiliit  a  cluao  affinity  to  tlip  THbill.,r<i';  [larticiltarly  to  tlip  Hi/dro- 
phijUaeenr,  in  wliirli  the  gynfeoia  have  n  Hiiiiilar  olili.|U«  jiusition.  The  Solanattac 
arc  sUo  allied  to  tin'  Born-jinncrof,  with  whii-li  they  are  or )ii netted  by  the  Hniall 
family  Xnhiaaviie.  {Tlaited  corolla,  fieeiln  and  uncijiially  jwired  leaves,  oh  in  the 
Solauaetat ;  fruit  a  Hcliizocarp,  an  in  the  Boragimtreae.)     Between  the  Sulaiuirau 


and  Sa-ophulariaeeae,  on  tbe  other  hand,  there  are  no  uniformly  consUot  distincUou, 
the  Serophvlariaaat  representing  rather  n  continuation  of  the  Solanaeeat,  The 
other  tarailiea  enibracid  by  the  Pcrtmatof,  with  the  osoeption  of  the  Aenmlhaaiu. 
nlolmlariactae,  and  Plantaginaaar,  are  all  closely  allied  to  the  Serujiliulanaeear. 

Family  Solanaceae. — Corolla  PLAITED  in  the  bud,  usually  Acmso- 
MURPHlu ;    andrcecium    PENTAMEROUS ;  carpele  obliquely  placed  witii    , 


rererence  to  the  median  plane  of  the  tlowcr ;  seeds  with  endoapeni 
(Figs.  564,  669). 

The  majority  of  the  SoUuiaaar  are  herbs  (in  the  Trofues 
repreaenteil  by  shrubs  and  small  trees),  with  numerous,  often 
glandular  batrE,  and  not  unfreqnently  with  prickles.  In  the  rrgion  of 
the  inflorescence  the  leaves  are  often  borne  in  pairs,  conaisting  of  one 
large  and  one  smaller  leaf.  This  peculiar  disposition  of  the  Jeavet  it 
due  to  the  displacement  of  the  bracteoles  and  subtending  bracts,  which 
adhering  to  their  growing  axillary  shoots  are  earned  up  a  distance  on 
them   (Fig.    567),      The    flowers  arc    either    solitary   or    grouped  in 
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a  (Fig.  liGG) ;  they  are  variously  shaped  and  usually  have 

corolla,    often   of  a   pale   violet   colour.     The   obtique 

the  carpels  (Fig.  5(i4)  is  a  distinctive  characteristic  of 

I  of  this  family.     The  fruit  is  a  berry   or  capsule.     The 

seeds  are  generally  reni- 

form, and  contain  a  curved 

embryo  embedded  in  an 

oily  endosperm. 

Geseh.^. 

— («)  Fruit  a  capsule  :  jVico- 
,-  Datum,  capsule  four- 
valviid  ;  Myotcyamnt,  Howen 
zygomorpliic,  oajwule  dehis- 
cing tranavereely,  a  pyiidinm. 
(ft)  Fruit  a  beny  :  Salaimni, 
■Dthera  coDvei^ing,  opening 
by  pores;  I,yeopersicnni ;  Cap- 
sieum;  AlTopa;  AfandTogora ; 
Fliyaalit,  ttm  baccsM  fniiten- 
velopcd  by  the  peraistent  red 


B  chiefly  pUnls  of  the  Tropica]  Zone. 
In  addition  to  the  oDiGiual  plauts,  this  family 
ooDtaio*  a  namber  or  otlier  econonuo  iilanti, 
■11  of  which  are  nativea  of  South  Amoiica ; 
tbf  Potato,  £u/ttiiu?n  (ufteraiuvn  (p.  24,  Fig. 
M).;  th«  Tobneeo-plttnt.  A'icotiaiui  Tabatvm 
(Rg.  5M},  and  A'.  rttHiea :  the  Tomato, 
LyMptrtievm  aetiJeiUaia,  etc.  The  t'ulato 
ptuit  grows  wild  in  the  Audca  mountains 

in  Chili ;  it  was  Qnt  introdiiced  ioto  Spain  and  thence  into  Eurojw  in  the  latter 
half  of  the  sixteenth  ceulury.  The  Qrsl  introduction  of  Tobacco  into  Europe 
OOOUired  •l»Ut  the  eanie  time.  It  in  stated  that  Jfieoliana  Tabatum  is  still  found 
growing  wild  in  Pprii  and  Ecuador. 

Polsosors.— Almost  nil   uf  tlie   plants  of  tills  faniiiy  are  hIioIIj    ut   in    J*" 


VDiur  nii/Kr  {)  fu 


1 


soki 


(loisouoUB,  in  moat  c 
Solanum  lalxrotum 
potatoBB  llvLt  have  turned  grei 
Duleamara  (Bitter -hi 


t  of  tlie  alkaluids  Chuy  contain.     All  p 
le^   on  that  acoouut  it   ia   dxngcroui 
or  RUcb  OS  have  developed  uhoots.     .toi 
3  solaninc  i      "   ' 


(Alter  BirHLEH.) 


9  forts,  with  the  liXMptiM 
of  the  hanaless  berries.  Sol^i 
nine  occiira,  on  the  otbtf 
Iiand,  in  tlie  black  bMiiM 
of  Sulnnvia  Hu/rum  (Commi 
NiglitHhode),  a  we«l  ft 
(jiiently  growing  in  BeI<U, 
TJic  unripe  fruits  of  the  To- 
uiuto  liave  been  known,  wba 
(<ateu,  to  pniduee  ^oipumft 
of  poiboning.  AtTopa  Btltit- 
rfimiwf,  theDMdly  Nightabiid* 
(Fig.  fiflT),  ia  the  nioct  noxioa 
plant  of  this  gronp.  It  i<  w 
lierbaceous  plant  with  reddish  browu  oampanulatc  flowem  and  very  paimiDM 
black  berries  envelupt'd  by  the  persistent  oalyx.     Datttnt  Strctmonium,  the  Than 

Apple  (Fig.  56S),  ia  aUoa  narcotic,  poiaoooue,  herbaceoua  plant,  of  commoii  o(xa 

rence  on  waste  ground.  It  branches  dichotomouBly  and  bears  white,  funnol-nk^d 
Qawers  producing  large  prickly  capsulos.  Byoteyamua  niger.  Black  Heuliana  (F*' 
!i69),  grows  in  situations  similar  to  those  in  which  ttae  Thom-Apple  is  foiUKi 
also  [lOsscBSBS  dangerous  narcotic  properties.  The  flowers,  which  are  dispOMtl  ii 
one-sided  inflorescences,  have  a  funnel-shaped,  five-lobcd,  yellow  (?oroll»  nwrlwll 
with  violet  veins  ;  tbe  fruit  is  a  pyxidium.  Siaatiana  Tabaeum  (Fig.  M8)« 
taios  toxio  [irincipleii  in  all  its  parta. 

OrFiciKAL.— .Jlropa  Bclladonmt  yields  Folia  et  Rauii  BELLAsoxjtut ;  iJati 
Slratiumi-um,  FoLU  Stbahoxii  ;  nyoteyamiit  Higer,  H£HBA  HvoKCVAMt ;  Cmfale 
ni>ituu?n,  FiiucTtrs  Caphici  ;  Nkotiana  Tabaeum,  Folia  Tabaci  ;  Sotamum  D 
rnnuini,  CaCLEs  DiafAMAKAE. 

Family  Serophulariaceae.^CorolJa  most  frequently  zvGOMORPSiq, 
NEVER  PLAITED  ill  t)ic  bud  ;  andrcecium  usually  KBUUCED  to  FOtnt  iJk 
■rwo  STAMENS  ;  carpels  MEDIAN  (Figs.  570-573). 

Of  the  plants  comprising  the  Scrophulariaeeae,  the  majority  a 
herbs  with  simple,  tootlied,  rarely  lobed  leavoe,  which  may  bo  oppotitt 
or  alternate  but  never  unequally  paired,  as  in  the  SvlanarfOt.  Mu^ 
8[>ecios,  although  provided  with  leaves,  are  root-parasitee.  The  flowen^ 
whether  solitary  and  axillary  or  in  racemes,  always  have  a  Utenl 
origin.  In  some  genera  the  flowers  are  nearly  actiDomoriiliic,  will 
pentamerous  androeciimi  (Fig.  570,  A) ;  but  in  most  of  the  forma  thef 
are  distinctly  zygomorpbic,  while  the  andrtecia  aro  also  reduced 
In  cases  where  one  Btaraen  is  nidimentol  (Serof^Miaria)  or  suppreMet^' 
it  is  usually  the  iwsterior  one.  Sometimes,  in  consequence  of  mon 
extended  suppression,  only  two  stamens  remain  {e.g.  Vfronica,  Fig.  h'% 
B).     The  fruit  is  a  capsule,  or  less  frequently  a  berry. 


Sub-Families 

vith  descending  ic 


VB  Ge.\-era. — (1)  jHtirrkxHoiiUat. 
o  posterior  petals  overlap  tlio  lateral. 
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ID  turn  enclose  the  anterior  sUmen)  autotroph  o  planta  J  erbatcuni  (Mullein), 
with  five  fertile  stamens  (Fig.  572)  Seroph  la  lo  (F  gwort)  Anlirrhinvm  (Snsp- 
dragon), 'corolla  with  short  spur  and  t»o  closed  1  ps  caps  le  o[)ening  hy  pores  ; 
Linaria  (Toad-Flax),  corolla 
with  long  spur,  othervise  as 
in  the  preceding  genus ; 
Digitalis  (Foxglove),  corolla 
obliquely  cam  pan  II  late,  csp- 
anle  opening  by  valves  (Fig, 
571}  1  (Troltola  (Hedge-Hys- 
sop); ro-OTWo  (Sijeedwell). 
(2)  Ehinantkoideae.  Corolla 
with  ascending  seativatioii 
(i.r.  the  two  posterior  petals 
overlapped  by  the  lateral) ; 
leafy  plants,  more  rarely 
parasites  devoid  of  chloro- 
phyll, and  with  haustoria. 
Bhinaiithtu  (Yellow -Rat tie) ; 
Xelampyrtim  (Cow-Wlicat) ; 
Euphraaia  (Eyehrigiit) ;  Pedi- 
atiaris  (Lousewort). 

rlos. — The  ScTophulariacrac 

are  of  frequent  occurrence  in 

the  temperate  zones  of  both 

hemispheres,  growing  in  thr 

most  varied  situations.  Many    *' 

are  ornamental   planta,   e.y. 

ATitirrkinum  tnajiia,  various 

species  of  fcTonica,  Pauloumia  imperialU  (arborescent). 

PoisoKOUS. — Digitalis  purpitrra  (Figs.  571,  573],  an  unbranched,  thickly -leaved, 

hairy  biennial  bearing  terminal,  one-sided  racemes  of  reddish  campanulate  flowers  ; 

all  parts  exceedingly  poisonous.  Qraliota  offiHnalis,  a  perennial,  glabrous  herb, 
growing  in  damp  situations  to  a  height  of 
30  cm.,  with  narrow,  toothed  leaves  and 
axillary  tubular  flowers,  of  a  whitish 
colour. 

Offu'inal. — Digilalia  yurpurcu,  the 
Purple  Foxglove  (Fig.  573),  yields  Folia 
DioiTALls  ;  I'erbascum  thapri/orme  (Fig. 
572)  and  K  phlojiundti,  Flokes  Verbasi-i. 

Family     Utrlculariaceae. — 
Flowers  distingui  all  able  from  those 
of   the   preceding   family  by   their 
UNILOCULAR      Ovaries      with      FREE 
CENTRAL  PLACENT.E  and  EXALBUMINOUS  seeds.       CARNIVOROUS,  aquatic 

and  marsh  plants. 


at  fnift  (nst>  si: 


The  flower  J  have 


0  stamens,  aud  are  distinctly  zygomorphic 


spurred,  like  thosa  of  Liitaria.  The  fruit  is  a  manj-seeded  ca|>sule.  The  pilots 
included  iu  tliis  family  are,  for  tlie  moat  part,  trapical.  The  more  fuuiliir 
northern  mprBscntatives  belong  to  the  genera  PinguUula,  the  Butterwort,  and 
Ulru^liina,  the  Bladderwort  (see  p.  215  and  Fig.  34). 


Family  Gesnerlaceae. — Flowers  differing  from  those  of  the  jJmj'A- 
iilanacriie  cliietiy  in  having  IJNILOCI'LAR  i>VAKlE.s  with  parietal 
I'l.AfKNT.i:.     Flowers  sometimes  cplgynoua. 

Till!  Geanerineene  are  for  the  most  part  tropical  plants,  some  of  whid 
(GlariuM)  are  well-known  hot-house  plants.  To  this  family  belong  de 
Broom- rai>e  and  Tooth  wort,  jiarasitic  plants  without  chlorophyll 
belonging  rtspeetively  to  the  genera  Ornhimche  and  Laihrnea. 

Family  Plaota^naceae. — Flowers  actinomorphic,  Id  perianth  tnd 
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andnecium   apparently    tei'RAMEROUS  ;    K4,   C4,   A4,   G(*^) ;    corolla 
membranaceous ;  ovary  one-  to  four-locular.     Herbs  (Fig.  574). 

The  apparently  tetramerous  character  of  the  flowers  is  due  to  the  suppression 
of  the  jwsterior  seiml  and  stamen,  and  the  coalescence  of  the  two  posterior  lobes  of 
the  corolla.  Most  of  the  s[>ecies  of  this  family  have  a  radical  rosette  of  entire 
leaves,  from  the  centre  of  which  rises  a  tall  sca])e  bearing  a  terminal  sjnke  of  small 
flowers.  The  flowers  are  frequently  distinctly  protogynous  ;  they  are  usually 
anemophilous  {c.y.  PlanUujo  lanceolata)^  rarely  insect-iM)llinatcd  {e.g.  PiatUago 
mrdm).  The  fruit  is  commonly  a  many-seeded  pyxidium.  The  plants  comprised 
in  the  few  genera  of  this  family  are  scattered  over  the  whole  world,  without  being 
in  any  one  region  particularly  prominent.  Various  species  of  Plantago  (Plantain) 
are  common  field  and  wayside  weeds. 

The  order  Personatae  includes  also  the  following  families  :  Bigmmiaceae. 
Trees  and  tendril-climbing  lianes  of  warm  climates,  usually  with  comj^ound  leaves, 
and  wing**d  seeds  without  endosi>enn  ;  fruit  a  wcxxly  ca]>sule.  Acanihaceae. 
Tropical  herbs  and  shrubs.  Seeds  few,  without  endosi»erm  and  attached  to  the 
projecting  iilacentiJ  by  strong  funiculi,  which  frequently  have  characteristic 
apjiendages.  Olobulariaceae.  Flowers  in  small  heads  ;  ovary  unilocular  with  one 
ovule. 

Order  7.  Labiatiflorae 

Flowers  hypogynous,  almost  always  zygomorphic,  theoretically  with 
the  formula  K5,  C5,  A5,  GW,  but  usually  with  rkduced  andrcecia; 
stamens  inserted  on  the  corolla ;  ovary  bilocular,  with  four  erect 
ovules,  each  loculus  subdivided  by  a  fause  dissepiment.  Fruit 
commonly  a  scbizocarp.     Leaves  generally  opposite. 

The  plants  constituting  this  order  are  herbs  or  shrubs,  rarely  trees  ; 
their  vegetative  organs  are  usually  hairy  and  often  aromatic.  The 
flowers  are  axillary,  in  most  instances  distinctly  zygomorphic  and 
aggregated  in  inflorescences.  The  fruit  is  commonly  a  four-partite 
schizocarp,  more  rarely  a  drupe  or  capsule. 

The  order  Labiatiflorae  does  not  rejjresent  a  continuation  of  that  of  the  Personatae, 
but  rather  a  lateral  otFshoot  from  the  branch  of  tin*  TuhiJJorae.  The  fruit  of  the 
Liihiata^y  it  is  true,  corres^nrnds  with  that  of  tin*  JJoraginaceae,  but  similar  fruits 
4)ccurs  also  in  the  Tulriflorae  and  Pernanatne.  As  there  an*  no  other  points  of 
resemblance  betwe«*n  the  Lahiatae  and  Boraginacaie,  it  is  manif«*stly  unwarrant- 
able to  assume  the  existence  of  a  near  relationshij)  l><'twe«Mi  thrse  two  famili»*s,  such 
as,  for  example,  exists  between  the  Solamierae  mid  Serophulan'/icrae,.  The  Labiati- 
florae were  apparently  separated  from  tho  Tubiflimir  at  an  early  stage  ;  their 
nearest  allies  are  i)robal)ly  found  among  the  Convoh'ulacfae. 

Family  Verbenaceae. — Ovary  one-  to  two-locular,  more  usually  sub- 
divided and  four-chambered  (NuT  U)BED),  the  style  therefore  TERMINAL. 
Fruit  a  drupe,  less  frequently  a  capsule  or  schizocarp.  Vegetative 
organs  and  inflorescences  not  uniform. 

The  Verbrnareae  c<msist  for  the  most  jwirt  of  tropical  plants,  n'pres«»nt«*<I  in  the 
Temi)erate  Zone  chiefly  by  tin*  genus   I'erbena  (Vervain^.      Tectona  graadia,  the 

2  z 


6se 


Teak-treo  of  tlic  EoEit  Indioa,  jields  a  wood  highlj  valued  ror  sbipbnilding  ti 
other  puipoBeH.     f'trbena  Aubletia  is  a  common  garden  plant. 

Family  Lablatae. — Ovary  deeply  FOUR-LOBKD,  bicari>ellaiy,  inxa- 
chambered,  with  GYNOBASIC  style  (attacbeil  to  the  biise  instead  of  lo 
the  BUinmit  of  the  ovary) ;  fruit  a  FOrit-PARTiTF.  SCHIZOCARP  with  four 


nutleta.  Herba  and  aniall 
shrubs  with  quadrangular 
stflms  and  opposite  leaves; 
inflorescences  dichaeial 
(Figs.  575-577). 

The  Lahiiilw  con- 
stitute one  of  the  most 
natural  famdies  of  the 
vegetable  kingdom.  The 
quadrangular  stems  and 
decussate  leaves  give  the 
plants  of  this  family 
a  distinctive  character, 
which  is  enhanced  by 
their  odour  and  geneml 
hairiness.  The  aroma  so 
characteristic  of  many 
species  is  due  to  the 
presence  of  an  ethereal 
oil  secreted  by  small 
glandular  hairs  scattered 
over  the  surface  of  the 
steuLs  and  leaves.  Not 
less  characteristic  of  lliis 

family  is   the   apparent  disposition   of  the  shurt'Stulked   flowers  i>  I 
whorls,  but  which  in  reality  represent  axillary  scorpioid  cymen,  t 
times  termed  verlic  ill  asters.     The  separate  inflorescences  often  I 
aggregated  in  terminal  heads  and  spikes,  as  in  the  Tliyme  and  Pepp0-l 
mint.     The  calyx  (Fig.  577)  is  gamosepalous  and  tive-tootbed.     Tb»fl 
corolU  is  usually  bihbiat«,  with  two  lobes  in  the  upper  lip  and  tfarn 
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in  the  under ;  it  is  variously  coloured,  but  most  frequently  of  a  carmine 
or  violet  colour.  The  androecium  chiefly  resembles  that  of  the 
Scrophul<iriac€aey  while  the  gynoecium  is  constructed  as  in  the  Bora- 
gimiceae,  consisting  of  an  originally  bilocular  ovary  whose  carpels 
become  deeply  constricted  longi- 
tudinally and  thus  subdivided,  Mt  Vv  \  i? 
each  into  two  chambers.  The 
NUTLETS  (Fig.  577,  (I,  e)  of  the 
fniit  always  have  a  hard  outer 
wall ;  they  are  sometimes  partially 
aborted. 

Repiiksentative  Geneka. — Ajuga 
(Bugle),  with  short  upj>er  lip  ;  Tcucrium 
(Germander),  iip{)er  lip  deeply  cleft ; 
Stachys  (Betony,  Hedge -Nettle),  Gah- 
opsi^  (Hemp  -  Nettle),  and  Lamiuin 
(Dead-Nettle),  with  helmet-shaped  upper 
lip ;  Xrpeta  (Cat-Mint)  aud  Glechoma 
(Ground-Ivy),  unlike  most  of  the  other 
genera,  with  a  long  posterior  stamen  ; 
Menfha  (Mint),  with  almost  actino- 
inorphic  corolla  and  stamens  of  about 
equal  length;  Thymus  (Thyme);  Ori- 
ganuiih  (Marjoram);  Lavandula  (Laven- 
der); Salvia  (Sage)  and  JioamarinHS  Fu..  G:7.^(!nh'oj»><U  ovhroUuca.  «,  Flower;  ft, 
(Rosemary),  with  two  stamens,  each  of  the  Hame  witli  calyx  n?inove<l;  r,  corolla  cut 
which  has  only  a  fertile  half-anther.  "1^".  Bhowinj?  sianieiiH  and  style ;  //,  calyx 

GEo<;nAPUirAL  DisTiUBUTiox.-Like  ^"^  py» "^ciu.n  :  .. 
roost  aromatic  plants,  the  Labiatae  thrive 
best  in  a  dry,  sunny  situation.  They  accordingly  constitute  an  important  i»art 
of  the  vegetation  of  the  Mediterranean  countries,  where  these  conditions  of 
growth  are  fulfilled,  and  where,  for  example,  although  not  restricted  alone  to  those 
countries,  the  officinal  Rosemary,  Sage,  Thyme,  and  Ij^ivcnder  are  found  grooving 
wild.  Many  aromatic  sjiecies  are  cultivated  as  kitchcn-horhs  :  Sweet  Marjoram, 
Oriyanuta  Majorana ;  Summer  Savory,  Saiurcia  httrUnsin ;  Sweet  Basil,  Ocimum 
Basilica  III  ;  the  Garden  Thyme,  Thymus  vulgaris  ;  Sage,  Salvia  officinalis. 

Officinal. — iMvandula  vera  yields  Floues  Lavandilae;  Salvia  officinalis. 
Folia  Salviae  ;  Melissa  officinal  is,  the  Common  Balm  (Fig.  r)76),  Folia  Mell-^sak; 
Thymus  Serpyllum,  Heuda  Seiu'YLLI  ;  Thymus  vuhjaris,  Hkkha  TiiYMl  ;  Ilos- 
marinus  officinalis,  Folia  ET  Oleum  Ko.smauini  ;  Mentha  piperita  (IVpi)ermint), 
Folia  et  Oleim  Mentiiae  I'Ii-ekitae  ;  Mentha  crispa,  Folia  .Mkn^ihae  <'UIspae  ; 
Oaleopsis  iK'hroleuca,  Heuba  GaleoI'siius  ;  Oriyanum  vufyare,  Hkuiia  OuiGANl. 


Xr\\\\..—OFFICIXAL. 
iiat.  size ;  «•,  tl,  r  x  2.) 
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Order  8.  Rubiinae 

Flowers  epkjynous,  actinomorphic  or  zygomorphic,  with  the 
formula  Kn,  Cn,  An,  (G2~a),  in  which  n  =  4  or  5.  Calyx  (;rkatly 
REDUCED  ;  andru^cium  inserted  on  the  corolla  ;  oVAKY  two-  to  thkkk- 
LOCULAR.     Leaves  generally  opposite. 


The   lialiiinae  comprise    herbaceous,    shrubby,   and,    more    rarely, 
arborescent  plants,  varying  greatly  in  general  appearance,  and,  with 
the  exception  of  opposite  leaves,  having  but  little  in  common  iii  their   i 
vegetative  structure.     The  flowerB  are  usually  small  and  aggregated  ii 
profusely  branched  inflorescences,  which  often  assume  an   umbellate  i 
character.     The  corolla  is  sometimes  cKmpanuIale  or  cylindrical,  but,  | 


most  frequejitly,  rotate  or  funnel-shaped,  according  tJi  its  IowmJ 
portion  forms  a  longer  or  shorter  tube.  The  fruit  assumes  rariowl 
forms,  sometimea  dry,  sometimes  juicy. 

Family    BuMaceae. — Flowers    ACTINOMORPHIC,    andrascium    wiUll 

FULL   NUMBER   OF   STAMKNS ;     OVsry    DIMKROUS,    BOTH    LOITDU    fertile  I 

Herbs  and  woody  plants  with  simple,  stipui-'ITK  leaves  (Figs.  57)*-580).  1 

The  Rufnacenc  form  one  of  the  largest  and  most  varied  families  of  J 

the  vegetable  world.     The  almost  always  entire  and  opposite  IiUitm  I 

and  the  invariable  presence  of  stipules,  either  leafy  or  scale-lihe.  o 


Etitut«  the  characteristics  moat  distinctive  of  this  family,  The  chitrac- 
teristics  given  for  the  order  hold  good  as  regards  the  structure  of  the 
fruit  and  flowers. 


TiVE  Genera.— (I)  StiltiUiu.  Sti|iulo9  like  tlie 
(Bedatraw,  Cleavers),  corolla  rotate  :  Atpcr^ta 
(■oralU  funnel-shaped  ;  Shtrardia  (A',  arvtnrit. 


Sub-FamiufiS  and  Refkesest. 
iMives  ;  loculi  one-seeded  :  Gatiuii 
(W.  odorata.  Woodruff,  Fig.  578), 
Field  Maddw).  (2)  Ciff^oidear. 
StijiuleB  scaly  ;  lociili  oue-seeded  : 
Coffta;  ClfhatlU.  (8)  Cincho- 
noidtat.  Stipules  aoaly  ;  loouli 
Buuiy-iieMled  :  Cinehimn ;  Vnearia . 

OeoOHAPBICAL  DiHTIITBrTION. 

JtiUDcrous      «[Koie«      of     nioatly 

tropical   liertM  and   shralw.     T)ji- 

OalTee- plant,  Cuffea  ambiea  [Fig. 

D79),  U  n  small  evergreea  tree,  iu- 

digpnoaB   to   tliu   tropical    moun- 

tUQous  districts  of  Easteru  Alrius, 

but  now  cultivated  in   all   warni 

oountrim-    The  white  flowers  dis- 

|Hwed  ill  sJrillary  clusters  ]>rodiii:i' 
.  red,  cherry. like  drujies,  p.ac1i  eoii- 

taiining  two  seeds  or  coRec-bcuiK. 
,  Bruil  >ii|iplie«i  the  largest  |Hin  '<!' 
'kll  the  coHee  consumed,   btit  t)ii' 

beat  comes  from  South -Wtisterii 
'Arabia  (Hocha),  the  Siinda  Islands 
<  <jBva.  Celebes),  and  Ceylon.     The 

TMiouB  species  of  Gardenia  culti- 
vated aa  ornsmentsl   plants  also 

twloi^  to  this  family, 

OrFlcl9lAl» — Cinchona  tuccirubra,  C.  Ltdgaiana,  and  otiier  sjiei^ies  of  the  same 

gesga  <F1g.  580)  yield  the  cinchona-bark,  Gobtex  Cinchokae.  from  which  Quinine 

Ib  prepared.     The  Cinchonas  grow  wild  iu  the  Andes  mountains  and  are  larj^ly 

enltiTatid  in  the  mountainous  regions  of  India.     They  are  evergreiin  trees  with 

lanceolate  or  roundish  leaves  and  with  flowers  in  pyramid -shaiied  panicles.  The 
iflowen  are  about  1  cm.  long  and  have  a  yellowish  or  carmine -coloured,  funnel- 
-•haped  corolla  with  five  fringed  lolws.  When  the  fniit  is  ripe  the  two  cariiels 
iMpante  at  tha  husc,  but  are  held  together  at  their  apices  by  the  calyx  ;  they  open 

by  a  slit  iu  the  middle  of  the  partition  dissepiment.  Ctphaelia  Ifcca«ianha,  a  flnall 
Ander-shriib  native  of  Brazil,  yields  Ramx  Ipbcact'anhae.  Uaearia  Oambir,  an 
Jb>t  Indian  liane  climbing  by  means  of  huuks,  yields  the  leaves  and  young  sliiiots 

from  which  Catkchit  is  extracted.     The  alkaloid  Coffeihum  is  derived  IVom  the 


Family  Caprlfollaoeae.  ^Flowers  ACTiNOMORPHicorzYGoMORPmcj 
andrreciiim  wrra  fill  NCMBER  of  stamens;  gjnoeciiim  usually 
TRIMBRUUS  ;  loculi  ALT,  fertile;  mostly  woody  plan ta,  as  a  rule  with 
BTII'ULATE  leaves  (Fig.  581). 


.    [AfUirl 


rju^LuiltlK 


There  is,  properly  Bjioalting,  no  cliaractoriBtic  featiiro  wiiich  sepMStra  tht  I 
Caprifoliaccac  uud  Jtubiaerae. 

The  majority  of  the  members  of  this  family  are  shrubs  with  simplt  I 
or  pinnate  loaves  and,  most  often,  with  cymose  inflorescences.  "" 
corolJa  ia  rotate,  campanulate  or  tubular,  in  the  last  case  KygomoTphic;  I 
Tlie  fruit  is  commonly  a  berry  or  drupe. 

SriiDivisioNs,— (1)  Samlmaae.  Corolla  acUnoniorpliic.  rotate;  style  short j  I 
fruit  a  drupe.  Sain}mca»,  th«  Elder,  lias  pinnats  lenres  and  a,  drupacrtnu  frail  f 
with  three   stones.      The  leaves  of  Viimmum   (Arrow.wood,    Uueliler 


luple ;  the  drupca  hnvo  only 


\.     (2)  Lonietriar.     Flowers  with  mi  w 


,    (AdrrWo* 


THigh  linigitudUuIlT^S.tnHll 


morphiu  or  zygoinorphic,  tubular  corolla  and  a  correspondingly  long  style,  t. 
Lonicera  (HoneyBUckle)  with  i^goraorphic  flowers,  Linnata  (Twin- flower),  etc 

GEoaiupuK'ALDiSTKiBUTioN,— The  Capri/oliaceac  aic  in  \irge  ^»tt  rt 
by  shrubs  aud  small  trees  growing  iu  woods  und  thickets  in  the  Totnperata  Zone  d 
the  Northern  Hemisphere.     Several  wvll-known  ornamental  pUnts  are  inolwl 
in  tlUH  family  :  the  Snowball-tree  or  Ouolder.rose,  a  variety  of  Ftfrunaum  0 
with  sterile  flonrera  only  ;  ami  the  various  specien  of  Honeysuckle  (XnUeera)  u 
Bush- Honeysuckle  or  If'ejgetia. 

Offiuixal.— &'a>nAwiu  ni'jra  (Fig.   581)    und    S.    r<tv"d'n»'s   yield    fuDKI 
SAwmrct. 

Family    Valerlanaceae. — Flowers    asysi:hktrr-al,    with    penis 
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merouB  perianth ;  androecium  REDUCED  ;  ovary  trilocular,  with  only 
one  fertile  loculua  (Figs.  582,  583). 

The  family  cornprises  herbs  and  small  under-shmbs,  having  simple 
or  pinnate  leaves  without  stipules.  The  flowers  are  small  and 
aggregated  in  profusely  branched,  dichasial  inflorescences.  At  the 
time  of  flowering  the  calyx  is  rudimental,  but  it  eventually  assumes  the 
form  of  a  feathery  pappus  (Fig.  583).  The  actinomorphiu  or  spurred 
corolla  is  rotate  or  funnel-shaped,  usually  of  a  light  rose-colour.  The 
andra>cium,  which  was  originally  pcntamerous,  has  suffered  reduction,  in 
which  process  either  the  median  stamen  alone  or,  in  addition,  one  or 
three  lateral  stamens  have  been  suppressed.  Exce]>t  in  the  first  case 
the  andm-cium  is  asymmetrical  with  respect  to  the  median  plane  of  the 
flower.  The  gynceciuu,  on  the  other  liand,  is  always  asymmetrical,  one 
of  the  lateral  loculi,  never  the  median  loculus,  being  alone  fertile 
(Fig.  582).     The  fniit  is  indehiscent. 


Okkkra.  —  Valciianclla,   com 
Valeriana,  corolla  funnel -a Imped,  short-apurrod,  three  Htanicns  (Fiy.  G83).     Cen- 
tranthiu.  corolla  fiiiiiivl-shsjifil  and  loug-a]iuiTpd,  one  Htuiiii'ii. 

GkooraI'Iiioal  UiHTHiBiTiOK. — Tlic  VaUriiiitactoc  inliabit  tin-  cuiintrie» of  tlie 
Temiierati;  aud  Arctiu  Zoues,  but  uover  form  an  iuiiwrlaiit  ]iart  of  tlii'  vegi'tatioii. 
Valeriana  offidnidii  and  V.  dieiea  are  couimoii  field  tlowvrf.  Centriintliiis  ruber 
is  a  well-known  garden  [ilant. 

Orrtiii!iM,.  —  ValeriiiiM  o^nnalis  yield«  E.iii.  Valeiilasak. 

Order  9.  Campanulinae 

Flowers  Ki'iGY.NOUS,  actinomorphic  or  zygoniorphic,  most  frequcntlj- 
with  the  formula  K5,  C(5),  A5,  G(^i).  Calyx  gamosepalous,  with 
long  sepals;  stamens  INsertkd  ON  IHK  FLOWKR-AXls,  usually  with 
anthers  adhering  together  ;  ovary  TW(j-  to  THRKE- LOcULAli,  with 
numerous  ovules.  The  possession  of  l^itex  is  characteristic  of  most 
of  the  plants  of  this  order. 

The  Cinnpiniulinae  are  for  the  most  part  herbs  with  simple,  entire, 
alternate  leaves  without  stipules.      Their  inflorescences  are  racemose, 


either  racemes,  spikes,  or  heads.  The  flowers,  which  are  commonly 
large  and  conspicuous,  are  usually  of  a  blue  colour.  Except  that  the 
corolla  is  in  some  instances  actinomorphic,  in  others  zjgomorphic,  tbe 


flowers  have  essentially  the  same  structure  throughout  the  whole 
order.  The  anthers,  though  sometimes  free  and  distinct,  more 
frequently  adhere  together  or  are  entirely  coalescent.  Tbe  fruit  is  a 
r  more  rarely  a  berry. 


Pamily  CampaQulaceae. — Flowers  actinomorphic  ;   anthers  tree 
or  adherent;   ovary  usually  TBlLOCUl.Afi ;  fruit  a  capsule  (Fig.  584). 


REPnESE.NTATCVK    ( 

(Fig.   584).      P/iyUliini 


(Rami'ion)  and   Jnsit 


Bell-flawfr),   corolla   campannlilc 
;  {J.  numiann,  Sheep'i-hit),  iritb 
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Howent  Iwving  a  mbular  conilk  ami  aggn-gated  in  amall  licadB  or  spikes.     Sj'- 
laria,  (Vt>Diu'a  Lookiug-glus),  with  raUt«  corolla. 

Geogkapuical  DiitTHiiiiTiiiN.— The  members  of  this  feroUy  «ro  mostly  n»l 
of  the  Korth  Teniperati?  Zone,  wliere  thuy  ow:upy  a  very  prominent  poBition 
the  vegetation,  ratlier  as  the  result  ol'  tlii! 
Htriking  appearance  of  their  flowers  tlian 
bucauK  of  the  occurrence  of  a  Urge  nuin- 
brr  uf  individuals. 

Family  LoIwUmmm.— Flowers  ZV<iii- 
KOllFHli';  anthers  iidherent,  forming  a 
tube;  ovary  bimii'iilab;  fruit  a  tapsuU' 

As  ill  lliB  Fupilioiu'cau,  the  niBcliaii 
w[>al  is  anterior ;  but,  before  the  flower.-' 
ojieu,  by  the  timion  of  thr  flower-stalk, 
the  parts  of  the  flower  ultimately  appear 
to  ocKupy  the  normal  position.  Tlit 
Lobeliiieiat  are  ehieKy  tropioal  plants. 
Lottliii  VoTtiaaHna  ocour  in  the  ponds  of 
Sort  hem  Europe. 

OFrtl'IMAL.— HttllOA    LoBELtAK    in 

derived     ttaat    Lubtlin    iii^tit    (Indian 
Tolaeco). 

Family  Cucurbitaceae,  u  group 
of  doubtful  relational)  ip,  annexed 
to  the  Ciimi/anulimte.  Flowers  epi- 
gj-nouB,  UNISEXUAL;  calyx  and 
corolla  actinom  Orphic,  adnate  at 
the  baae  ;    stamens  five,  but   they 

FREQUENTLY      t'OHERK      either       IN 

PAIRS,  90  that  there  appear  to  be 

but  three  Btaineua,  or,  more  rarely, 

they  are  all  united  into  a  column  ;   j 

anthers  MONOTHEciouh  ;  ovary  tri- 

locular;    fruit  baccate,   a  pepo  or 

Bticculent  berry.     Herbs  without 

LATKX,  commonly  climbing  by  tendrils  (Figs.  585-587). 

The  majority  of  the  Oiciirbtlacear,  although  only  annual  herbs,  grow 
to  a  lai^e  aize.  They  are  usually  covered  with  stiff  hairs,  and  have 
long,  often  hollow  stems  with  lar^e  heart-shaped  or  lobed  leaves  and 
cork8crew-like  tendrils  arising  near  the  leaves.  The  flowers  are 
axillary,  either  solitary  or  in  groups.  The  corolla  and  calyx  are 
united  together  at  the  base  into  a  cup-shaped  receptacle,  from  the 
margin  of  which  are  given  off  the  delicate  sepals.  The  gamopetaluus 
corolla  extends  above  the  level  of  the  stigma ;  it  is  rotate  or  cam- 
panulate,  always  deeply  five-Iobed,  and  of  a  yellow  or  whitish  colour. 
The  reduction  and  cohesion  of  the  tortuous  anthers  (anther-halves) 
L     (jive  the  andrn-ciiun  a  highly  characteristic  appearance  (Fig.  587).     The 


(ri><Jucf4]);  G,  liiiijalit;  t;  and"  flif 
■l2c);  £i,  anilr<rf1nin(niaiininnl):  J 
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three  loculi  of  the  ovary  are  almost  comi)letely  filled  by 
ovulea  and  projecting  flesby  placentse.  The  fruit  is  a  spherical  or 
elongated  beiTy,  not  iinfreqiieutly  of  an  enormous  size.  Its  firm,  some- 
times hard  exocarp  (then  termed  a  pepo)  usually  encloses  a  succulent 
mesocarp  derived  chiefiy  from  the  placentae.  The  seeds  are  large  and 
flat,  and  without  endoeperm. 

GEOORAPBif  AL  DiSTRiBFTiON. — The  C-umtrbitnone  comjirise  Tor  tho  moat  [art 
plantd  of  the  Tropical  Zone,  thriviog  beat  in  the  drj  open  district*.  Vuioitt 
Hpeciea  are  cultivatfid  for  the  sake  of  thair  fruit,  t.g.  llie  Pumpkio  (CiKurhila  PepeX 
the  Cacumbw  (Cucuniu  lativui),  the  Miisk- melon  {Ciiciiima  itelo),  the  Wkler- 
melon  ( Citmllua  vulgaris),  etc. 

Poisonous. — Bryonia  dioica  (Pig,  687)  nnd  B.  alba,  hiraiite  tendril-climben 
with  tnberoui  roots,  lobed  leaves,  and  comiiaratively  small  berrtoa,  whioh  in  tiu 
formBT  species  are  red,  in  the  latter  white. 

OmtiiNAJ..— Ct(ni?(ii»  CohcjintkU,  a,  herb  somewhat  reaembliDg  tUs  tnciimba', 
native  of  the  Afriean  and  Arabian  deserts,  yields  Pl'LPA  CoMcyxrutuis. 


Order  10.  Aggree:atae 

Flowers  EPlGYNOUS.actinomorphic  or  zygomorphic,  construe  ted  after 
the  formula  K5,  C(5),  A5,  GWt ;  calyx  rudimentary;  stamens  in- 
serted on  the  corolla ;  anthers  usually  adherent  (gyngenesious) ; 
ovary  dniloculak,  with  one  ovule.  Fruit  iudchiscent.  Infioresceoce 
a  CAPITULUW,  surrounded  by  an  INVOLUCRE. 

The  capitate  inflorescence  is  the  most  distinctive  characteristic  of  the 
A'j^egalaf.  The  margin  of  the  expanded  axis  of  the  inflorescence  is 
occupied  by  numerous  hypsophylla,  while  its  whole  upper  convex  or 
concave  surface  is  thickly  beset  with  small  flowers  (florets),  which 
are  frequently  given  off  from  the  axils  of  reduced  subtending  bract* 
or  scales  (palete).  lu  its  general  appearance  the  whole  inflorescence 
resembles  a  single  flower,  particulaily  when  the  marginal  flowerB  are 
larger  than  the  central,  and  form  a  sort  of  corolla  about  them. 


In  the  nnited  anthers  and  in  tJie  occurrence  of  septated  latex  tubes  the  Comfr- 
sitae  show  a  relationship  with  the  Cmnpanulinae,  whilst  the  JHpsafueaw,  nn  lh« 
other  hand,  nre  apjarentl;  connuoted  by  intenuediate  forms  with  the  yaUrutmiftat, 

Family  Dipsacaceae. — Flowers  with  epicaltx,  usually  «yg» 
morpbic  i  corolla  four-  to  five-lobed,  imbricate  is  the  bud  ;  Bt«meu 
four,  with  FREE  anthers ;  style  simple  ;  ovules  suspendSD  ;  seedl 
WITH  ENDOSPERM.     Leaves  opposite  (Fig.  588). 

Herbs  with  simple  or  pinnate  leaves  and  many- flowered,  flat  cr 
convex  capitula  whose  marginal  flowers  are  frequently  lai^er  than  the 
central.  The  possession  of  an  epicalyx  consisting  of  united  bracteolei 
is  characteristic  of  the  flowers  of  this  family.  The  true  calyx  il 
rudimental,  represented  only  by  teeth  or  bristles.     By  the  cohesion  o( 
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the  two  posterior  lobes  of  the  corolla,  it  frequently  becomes  app&rently 
tetramerous ;  when  the  androecium  ib  tetramerous,  it  is  in  consequence 
of  the  suppression  of  the  median  stamen.  The  nut-like  fruit  is 
enveloped  by  the  persistent  epicalyx. 

Representative   Oekera. — (a)  With  paleie :  Dipsaciia  (Teasel),  thistle-like, 


with  prickly,  iuvolacral  bracta  and  scales,  corolla  foiir-lobed  ;  Satbiom,  Involucre 
herbaceous,  corolla  liveOobed  ;  ^uenin,  corolla  Tour-lobcd  (Fig.  58S).  (i)  Without 
palcee  :  Ktiautia. 

GEOiiKAPHii'AL  DiHTitiB  DTI  OS. — The  Dijaaatceae  arc  chiefly  met  with  in  sunny 
L   the   Mediterranean  rejjion.     Some  species  occur  in  more  northern 


latitudes.     Tliu  heads  oi  Dipsuciis  faltuaum.  the  cultivated  Fuller's  Teawl,  have 
hooked  ])alen^,  and  are  used  for  raising  a  nap  \\\>oa  uoollen  cluth. 

Family  C«lyc«r«ce«e.— Flowers  without  f.I'ICALVX  ;  corolla  valvate  ;  stamens 
united  ;   style  simple  ;   ovules  hispesdeb  ;    seeds  with  es'dospekm.      A  small 


Soutli  AuiericBii  Taniily,  which  is  only  or  interest  lu  eHtabliHliini;  the  l-ohukIkiu 
bfltween  thy  Dipsteaccnr  and  Coiapmitac. 

Family  Composltae.  —  Flowers  wrTHouT  EPICALYX ;  corolla 
VALVATE;  stamena  FIVE,  with  SYNBENESIOUs  ANtmgks;  Btyle  BiFTli; 
ovules  ERECrr;  seeds  without  endosperm.  Leaves  commonlv 
alternate  (Figs.  58S-594). 

The  Composilae  compriEe  mostly  herbs,  rarely,  and  then  usually  con- 
fined to  the  Tropics,  shrubs,  lianes,  and  trees.  The  vegetative  organs 
vary  so  greatly  in  their  external  appearance  that  they  furnish  no  feature* 
that  are  valuable  as  a  means  of  distinguishing  the  Tamily ;  chemically, 
however,  the  CoiiipimUiv  are  characterised  by  the  presence  of  inulin  in 
their  aubterranenn  parts.     The  Hiiwers  and  iiifiorcBcenoes.  on  the  other 
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hand,  although  they  also  exhibit  great  diversity  of  form,  aie  alwnys 
easily  recognisable.  The  heads  (Fig.  ."tSO)  are  either  solitary  or  com- 
bined in  compound  inflorescences,  generally  of  u  dichasial  character. 
The  involucral  bracts  are  BometimeR  herbaceous  and  green  ;  sometimei 
Bcarioufi  and  then  often  highly  coloured,  as  in  Udickrpum  and  other 
genera  ;  sometimes,  as  in  many  species  of  Cmlaurea,  they  are  providei) 
with  dry  fringed  margins,  or,  as  in  the  Thistle,  they  may  l>e  prickly. 
The  e.tpanded  flora!  axis,  the  receptacle  of  the  capitulum,  is  concuTt-  or 
flat  (Fig,  .'iSO,  ((),  slightly  elevated  or  prolonged  conically.  It  is  some- 
times naked  (n)  or  hairy,  sometimes  covered  with  small  scales  (ft), 
always  pitted  like  the  surface  of  a  thimble,  with  alveoli  in  which  the 
separate  flowers  are  inserted.  The  calyx  is  never  green,  and  is  only 
rarely  represented  by  five  colourless  segments.  It  usually  consists  nf 
a  cushion-like  ring  which  bears  the  PAri'iK,  a  tuft  of  bristles  or  tuurs 
(Fig.  .591).  Tiie  LuROU^  is  often  regular  and  five-lobed  (Fig.  591,4). 
as  in  the  Thistle.  When  zygomorphlc,  it  may  be  BllAlliAl'K,  as  in  the 
South  American  Miitmf^if .-  more  frequently,  by  the  8Uppres6i()n  of  the 


upper  lip,  it  becomes  dne-i,ipped  or  falsely  liculate  {Fig.  591,  n), 
as  ia  the  marginal  flowers  of  the  Ckn/santhemum ;  or  it  is  ligulatk 
and  split  for  a  corisiderable  distance  on  one  side,  as  in  TaniMtcum 
(Fig.  593,  2).  The  one-lippod  and  IJgulate  flowers  are  very  similar  in 
appearance,  but  in  the  oiie-Iipped  flowers  the  corolla  has  only  three 
teeth,  in  the  ligulate  five.  The  margin  of  the  receptacle  is  frequently 
occupied  by  one-lipped  flowers,  and  the  central  portion  or  disc  by 
autlnom Orphic  tubular  flowers.  Id  such  cases  it  is  customary  to 
distinguish  between  RAV-FLOWEits  and  disc-flowers.  The  former  are 
frequently  female  (Arnici,  Inula,  Matn-nritr)  or  neuter  (CeiUunrai 
Cginius);  the  diac-flowere  are  sometimes  all  male  (TitssiUiyn).  The 
WTYLE  divides  at  the  apex  into  two  variously  shaped  stigmas,  and  is 
surrounded  at  the  base  by  a  honey -secreting  disc,  The  FBriT 
(Fig.  592,  i)  13  a.  one-seeded  InUehiscent  fruit  or  achene ;  it  ia  usually 


crowned  by  a  puppus  which  is  of  service  in  the  dissemination  of  the 
seeds  by  the  ivind.  The  pericairp  ia  leathery,  and  often  adherent  to 
the  oily  seed. 

.Si  ii.K,iMii.rRs,  Tlmoks,   ,»m.   Ki'.I'Iikakntative   GKSEhn.-fl)    T-hnliJt«rat. 


J 


Flowers  nctinoniorpliio  or  the  r&y-flowiira  one-lijipBd,  no  latex,  (.4)  Cyutreac 
Receptoote  with  setaceous  puleic,  iDvolu<7ral  leaves  either  pricklj  or  with 
memliranaceoui  marf^iiu,  Btyle  svrolleD  below  tho  Htigtiias  iuto  &  oiuihion-lilcB  ring, 
fruit  with  pKppos.  CnrrfiMM  (Plnineless  Thietle),  iuTolucre  priukly,  hwn  of  pappnt 
naked  ;  Ctrnuiit  (Commoa  or  Plumed  ThiatleJ,  like  the  preceding,  but  with 
faathary  [«ppus  ;  Cnievi  (Bleased  TliiatU) ;  Lappa  (Burdock),  tipe  of  involnml 
leaves  hooked  ;  Ccnlaurea,  invalucral  le&ves  with  bristles  or  niembrtinoDa  mu^iu, 
raj-flowHiB,  neuter.  {£)  Evpaiarirae.  Flown* 
actinomorphic,  involucre  berbiuseoiis,  rcceptacU 
without  polete,  style  not  swoileu  below  (h« 
stigmas  1  Peta»Uet  (P.  mUjarii,  the  Butter-1 
TuMilago  (Coltsfoot) ;  £tipatarium  (Thoroagh- 
wort).  (C)  Atttrtof,  Marginal  Dowers  feQwlK, 
usually  lygomotphie.  (o)  Anllitniidrat,  with- 
out pappus ;  AnUitTnii  (Chotnomile)  and 
AckilUa  (Milfoil.  Yarrow),  with  pal*":  J"*'"' 
aiTia  (Wild  Chamomile)  and  GhTyaanl^tmvm, 
withont  palew  1  Aritmitia  [Wormwood),  with 
tubular  tlowers  oalj.  (b)  Stlianlheat ;  BtU- 
antAua  (Bunllawer].  (e)  CaltTtduUae  ;  OnlenJulit 
(Marigold),  (d)  Seitedaneae,  pappus  hairy; 
Senedo  (Groundsel) ;  Arnica.  \[e)  AtUmu, 
pappus  biistle-like,  frequently  brown;  Alter; 
Solidago  (Qolden-rod) ;  £riyerim  (Fleabaoe); 
/iiuio  (Eleoampane) ;  Gaaphalium  [CudKtei)  i 
Antamaria  (EverWtiug  Cat's-foot)  and  i 
ehryniet,  with  Bcarions  involuore.  (J)  Ambrv- 
titae,  anthers  free ;  XanUiivm  (Cocklehar). 
(2)  LabiatiJUiTot.  Ftowere  bilabiate, 
majority  of  the  plants  in  this  group  arr  ui 
of  South  Araerico  ;  none  occur  in  Europe.  (3) 
Ligvlifiorae.  Flowers  ligolate.  Mostly  herha 
with  septated  latei-tubes.  Taraxacum  (Dande- 
lion), with  beaked  fruit,  pappus  of  unbrmnehed 
haii's ;  Latluaa  (Lettuoe) ;  CrfpU  (Hawk'i- 
beard) ;  HUraeium  (Hawkweed),  with  browmsli 
]<appua  of  unhranched  hairs ;  Sonekm  (Sow- 
Thiatie)  ;  Scoramera  and  Tragaptyon  (T.  porrt- 
'"J"  /uliua,  Sakify),  with   feathery   pappus  ;  LtMi- 

lodtm  (Hawkbit). 

OBooBApntcAL  DwTMBUTioN.— The  Gnnpotitae  form  the  largest  Ciiuily  of  Iha 
vegetable  kingdom,  comprising  from  10,000  to  12,000  apeoios,  scattered  over  thawbole 
world.  The  following  are  important  on  account  of  their  special  economic  ti " 
Ladiua  tnUiva  (Lettuce),  t'ioAon'uni  E«dima  (Endive),  0.  Intybtu  (Chioorj), 
Oyaaret  Seotymua  (Artichoke),  Sconmura  hiapanUa  (Viper's- grass),  ArUmifi* 
DramiKvlui  (Tarragon).  Ornamental  plant*  :  DaJiiia  mriabilU  (Dahlia),  vofiou 
tpeeiea  of  Aaler  and  Chrymna^miiin,  miiatOhut  onnuu*  (Common  Sunflower), 
Caltnduia  officinalii  (Pot- Marigold). 

PoiwosoPs.— £«<!iu«i  viroia  (Fig.  694),  a  tall  glabrous  herb  over  I'M  n 
high,  with  elongated  amplexicaul  leaves  and  small  ycllow-Howered  oaptuU  ia 
oorymbi.     The  acbenvs  are  black  and  bare  a  wliite  jiappus.     The  whole  plant  i* 
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abundantly  supplied  with  a  white,  ill -smelling  latex,  which,  as  Lactucarium, 
is  officinal  in  Austria.  The  plant  is  not  dangerously  poisonous.  Laetuca  Scariola 
(Prickly  Lettuce)  resembles  the  preceding  species,  but  has  almost  vertical  leaves, 
not  horizontal  as  in  L.  viroaa^  and  brownish  achenes  ;  it  is  not  poisonous. 

Officinal. — Arnica  montana  yields  Radix  et  Flores  Arnicae  ;  Artemisia 
Absinthium  (Common  Wormwood),  Herba  Absinthii  ;  Artemisia  sp.  (from 
Turkestan),  Flores  Cinae  ;  Matricaria  Chamomilla,  Matricaria,  the  German 
Chamomile  ;  Cnieus  henedidus  (Southern  Europe),  Herba  Cardui  benedicti  ; 
Inula  Htlenium  (Common  Elecampane),  Radix  Inulae  ;  Tussilago  Farfara^  Folia 
Farfarae  ;  Achillea  Millefolium  (Common  Yarrow  or  Milfoil),  Herba  Millefolii  ; 
Anthemis  nohilis  (Garden  Chamomile),  Flores  Anthemidis  ;  Spilanthes  oleracea 
(South  America),  Herba  Spilanthis  ;  Lappa  vulgariSy  Radix  Lappae  ;  Anaeyclus 
Pyrcthrum  (Southern  Europe),  Radix  Pyrethri  ;  Taraxacum  officinalis  (Common 
Dandelion),  Radix  et  Folia  Taraxaci  ;  Laetuca  virosa,  Lactucarium. 
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LIST  OF  OFFICINAL  PLANTS 


(Anterisks  (fenote  lUHstmiions.) 


Abies  alba,  *4-40,  442 

Acacia,  Cateclm,  558 ;  Senegal,  *557,  558  ; 

Siiina,  558 
Achillea  Millefolium,  599 
Aconituiii  Na})ellus,  *511,  *5r2-*514 
Acorus  Calamus,  *474 
Agathis  loranthifolia,  442 
A^opynmi  repeiis,  482 
Aloe  Hocotrina,  *468 
Alpinia  otticinarum,  486 
Althaea  otKcinalis,  *530 
Auacvclus  Pvrethrum,  599 
Amlira  Araroba,  562 
Anthemis  nohilis,  599 
Archangelica  olHciiialis,  550 
Arctostaphylos  Uva  ursi,  *569 
Areoa  Catechu,  473 
Arnica  uiontana,  *596,  599 
Artemisia  Absinthium,  599 

sp.  (Flores  Cinae),  599 
Aspiilium  tilix  mas,  ^^397,  400,  *401,  406 
Aspidosperma  Quebracho,  575 
Astragalus,  562 
Atropa  Bella<lonnji,  *580,  582 

Beta  vulgaris  var.  Rapa,  *507 
Boswellia  Bhau-Dajiana,  535;  Cartesii,  //;. 
Brassica  nigra,  520 

Caxahilm,  535 

Cannabis  sativa,  ♦501,  502,  503 

('apsicum  annuum,  582 

Carum  Carvi,  *546,  550 

(,'a.ssia  acutifolia,  *557,  559  ;  angustifolia, 

559 
Cephaelis  Ipecacuanha,  589 
(Vtraria  islandica,  *379,  381 
( 'hondrus  crispus,  *334,  337 
Cinchona  lancifolia,  *589  ;  succinibra,  ih. ; 

Ledgeriana,  ih. 
Cinnamonium     zeylanicum,     *516,     517  ; 

Camphom,  517  ;  Cassia,  517 
Citrullus  Coloevnthis,  594 


Citnis  Limonum,  535  ;  vulgaris,  535 
Claviceps  purpurea,  *357,  358  ;  sclerotiuni 

of,  ^87 
Cnicus  Iwnedictus,  599 
Cochlearia  ofHcinalis,  520 
Cocos  nucifera,  *471,  *472,  473 
Coffea  arabica,  *588 
Colchicum  autumnale,  *467,  468 
Commiphora  Myrrha,  535 
Conium  inaculatum,  *546 
Copaifera  guianeusis,  559  ;  otticinalis,  559 
Coriandrum  sativum,  *546,  550 
Crocus  sativus,  470 
Croton  Eleuteria,  543  ;  Tiglium,  543 
Curcuma  Zedoaria,  486 
Cyilonia  vulgaris,  556 

Datuka  Sthamoxium,  *581,  582 
Digitalis  purpurea,  *583,  *584 
Dorema  Ammoniacum,  550 

Elkttauia  Caudamomum,  486 
Krythraea  Centaurium,  *573 
Erythroxylum  Coca,  533 
Kngenia  caryophyllata,  *564,  565 
Kupliorbia  resinifera,  *541,  543 

Ferila  <iALBANiFLUA,  550  ;  Nartliex,  5.50 ; 

rubriraulis,  550 
Foeniculum    capillaceum,   550  ;   ottirinale, 
i  *546 

•    Fnixinus  Ornus,  *572,  574 

I 

I   CJalkoi»sis  ochroleuca,  *587 

(larcinia  Morella,  525 

(riiitiana    lutea,    *573,    575  ;    pannonica, 
1  575  ;  punctata,  575  ;  purfuirea,  575 

(tigartina  mammillosa,  *335,  337 

(flycyrrhiza  glabra,  562 

(Jonolobus  Condunmgo,  576 

(JoNsypium  hcrbaceum,  *531 

HaKMATOXYF.ON  ('AMI'ECHIAXl'M,   559 
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Hagenia  abyssinica,  *552,  556 
Hopea,  525 
Hordeum  viilgare,  482 
Humulus  Lupulus,  *502,  503 
Hydrastis  cauadensis,  514 
Hyoscyamus  niger,  *581,  582 

Inula  Helenium,  599 
Ipomoea  Purga,  577 

Iris  florentiua,  *469,  470  ;  germanica,  470  ; 
pallida,  470 

Jateorhiza  Calumba,  516 
Juglans  regia,  *498,  499 
Juniperus    commuuis,    *439,    442 ;    oxy- 
cedrus,  442  ;  Sabina,  *442 

Krameria  triandra,  559 

Lactuca  virosa,  *598,  599 

Laiiiinaria  digitata,  forma  Cloustoni,  *329, 

334 
Lappa  major,  *595  ;  vulgaris,  599 
Larix  earopaea,  441,  442  ;  sibirica,  442 
Launis  nobilis,  517 
Lavandula  vera,  587 
Levisticum  officinale,  550 
Liuum  usitatissimum,  *533 
Liquidarobar  styraciflua,  552 
Lycopodium  clavatum,  416,  *417,  418 

MaLLOTUS  PHILIPPINEN81S,  543 

Malva  silvestris,  *530,  531  ;  vulgaris,  531 

Marauta  arundiuacea,  487 

Matricaria  Chamomilla,  *595,  599 

MelilotuK  altissinius,  562 ;  officinalis,  562 

Melissa  officinalis,  *586,  587 

Mentha  crispa,  587  ;  piperita,  587 

Menyanthes  trifoliata,  575 

Morus  nigra,  502 

M}Tistica  fragraus,  515  ;  moschata,  *51() 

NicoTiANA  Tabacum,  *579,  *580,  582 

Olea  eukopaEx\,  *572,  574 
Ononis  spinosa,  562 
Orchis,  '487,  *488,  *489,  490 
Origanum  vnlgare,  587 

Palaquium,  569 

Papaver  soniniferum,  *521,  522 

Physostigma  veneuosum,  562 

Picraena  excelsa,  535 

Pilocarpus  pennatifolius,  535 

Pimpinella  Auisum,  *546,  550  ;  magna, 
550  ;  Saxifraga,  550 

Pinusaustralis,  442;  Laricio,442;  Pinaster. 
442  ;  Puniilio,  *434,  443  :  silvestris, 
♦434,  *435,  *441,  442  ;  Taeda,  442 

Piper  Cubeba,  *504 


Pistacia  Leuticus,  535 

Podophyllum  peltatura,  516 

Polygala  Senega,  *533,  534 

Polyporus  fomentarius,  370,  373 

Prunus  Amygdalus,  656  ;  domestica,  556  ; 

Laurocerasus,  556 
Pterocarpus  santalinus,  562 
Punica  Granatum,  564 

Quassia  amara,  535 

Quercus  i^edunculata,    *495,   *496  ;  lusi- 
tanica  var.  infectoria,  499 

Rheum  officinale,  *505,  *606 ;  palma- 

tum  var.  tanguticum,  506 
Ribes  rubrum,  552 
Ricinus  communis,  *542,  543 
Rhamnus  Frangula,   *538,    539  ;   cathar- 

tica,  539  ;  Purshiana,  539 
Rosa  centifolia,  556  ;  daraascena,  556 
Rosmarinus  officinalis,  587 
Rubus  idaeus,  556 

Sabadilla  officinarum,  468 

Saccharuni  officinarum,  *481,  482 

Salix  alba,  494,  495 

Salvia  officinalis,  587 

Sambucus  canadensis,  590  ;  nigra,  590 

Santalum  album,  566 

Sassafras  officinale,  517 

Secale  cornutum,  *87,  *357,  358 

Smilax,  468 

Solanum  Dulcamara,  582 

Spilanthes  oleracea,  *87,  *357,  358 

Stroplianthus,  575 

Strychnos  nux  vomica,  574 

Styrax  Benzoin,  569 

Tamarindus  indica,  *558,  559 
Taraxacum  officinalis,  *597,  599 
Tliea  chinensis,  *524,  525 
Theobroma  Cacao,  *529 
Thymus  Serpyllum,  587  ;  vulgaris,  587 
Tilia  grandifolia,  528  ;  parvifolia,  ♦528 
Toluifera  Balsam um,  662  ;  Pereirae,  662 
Triticum  vulgare,  •480-482 
Tussilago  Farfara,  599 

Uncaria  Gambir,  689 
Urginea  maritima,  468 

Valeriana  dioica,  591  ;  officinalis,  ♦591 
Vanilla  planifolia,  ^489,  490 
Veratrum  album,  468 
Verbascum  phlomoides,  583  ;  thapsifonuf, 

♦583 
Viola  tricolor,  ^523,  524 
Vitis  vinifera,  ^538 

Zingiber  officinale,  ^485,  486 


LIST  OF  POISONOUS  PLANTS 

{Asterisks  denote  Illustrations.) 


AconitumNapellU8,*448,*511,*612-*514 

Lycoctonum,  *512-514 

Stoerckeanum,  514 

variegatum,  514 
Adonis  vernalis,  514 
Aethusa  Cynapium,  *549,  560 
Agrostemma  Qithago,  '509 
Amanita  muscaria,  *372,  373 

pantheriua,  373 
Anagallis  arvensis,  •670,  571 

coemlea,  571 
Anemone  Pulsatilla,  *513,  514 

nemorosa,  514 
Arum  maculatum,  *473,  *474 
Atropa  Belladonna,  ♦580,  582 
Azalea,  568 

Brrula  anoustifolia,  650 
Boletus  Satanas,  370,  *371 
Bryonia  alba,  594 

dioica,  ♦593,  594 
Buxus  sempervirens,  539 

Calla  palustris,  474 
Caltha  palustris,  ^512,  514 
CicuU  virosa,  ^547,  550 
Claviceps  purpurea,  ♦87,  ^357,  358 
Clematis,  514 

Colchicum  autumnale,  ^467 
Conium  maculatum,  ♦546,  ♦548,  550 
Convallaria  majalis,  468 
Coronilla  varia,  ^560,  562 
Cyclamen  europaeum,  ^670,  571 
CytiHUs  alpinus,  562 
'biflorus,  502 

Laburnum,  ^561,  562 

purpureuR,  562 

Weldini,  562 

Daphne  Cnkorum,  539 
Laureola,  539 
Mezereum,  *539 
striata,  539 


Datura  Stramonium,  ^681,  582 

;  Delphinium  Staphysagria,  514 

j  Digitalis  purpurea,  ♦583,  584 

I 

i  Ergot,  87.  357,  358 

I  Euphorbia  cyparissias,  ♦541,  543 

I  Evonymus  europaea,  ^538 


Fritillaria  impebialis,  468 

Gratiola  officinalis,  583 

Hedera  Hrux,  ^545 
Helleborus  foetidus,  ♦512,  614 

niger,  514 

viri<lis,  514 
Helvella  suspecta,  360 
Hippomane  Mancinella,  643 
Hyoscyamus  niger,  ^447,  ♦581,  682 

,   Illicium    an'Watum,    515  ;    religiosum, 
516 

JuNiPERUS  Sabina,  ^442 

Lactarius  torminosus,  373 
Lactuca  virosa,  ♦598,  599 
Ledum  ))alustre,  568 
Lolium  linicola,  482 
temulentum,  481,  ^482 

Mercurialis  annua,  ♦543 
Mushrooms,  371-373 

Nerium  Oleander,  ♦674,  676 
Nicotiana  Tabacum,  ♦679,  ♦eSO,  682 

Oenanthe,  650 

Pa  PAVER  80MNIFERUM,  ♦521,  622 
Paris  (juadri folia,  ♦467,  468 
I*runus  Laurocerasus,  555 
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Ranunculus  aceh,  *611 

acris,  514 

sceleratus,  *513,  514 
Rhododeiidroii,  568 
RicinuH  communis,  *542,  543 
RuKsula  emetica,  373 
Ruta  graveolens,  *534,  535 

Saponaria  officinalis,  509 
Scleroderma  vulgare,  •373 
Secale  coruntuin,  *87,  *857,  358 
Sium  latifolium,  *548,  550 


Solanum  Dulcamara,  582 

nigrum,  582 

tuberosum,  *24,  582 
Strychnos,  574 

Taxus  baccata,  *443,  *444 
Tulipa,  468 

Veratkum  album,  468 
Vincetoxicuui  officinale,  *576 
Viscum  album,  *17,  *566,  567 

Wistaria  sinensis,  562 


INDEX 


{Asterisks  dewUe  Illustrations.) 


Abiks,  439  ;  r///^^  ♦liO,  442 

Ahietoideaey  439 

Absorptive  power  of  soil,  176,  183 

Absyuthin,  206 

Acacia,  *557f  558  ;  pliyllo<les,  36 ;  pycnan- 

tfuu  ♦46  ;  sphaei'ocephala,  213,  *214 
Acanthaceae,  585 
Acanthorrhiza^  root-thorun,  43 
Acaulescent  plants,  28 
Accessory  fructifications,  343 
Acer,  ^536,  537 
Aceraceaf  536,  537 
Aretahvlaria,  ♦328 
Achene,  460 

Arhillfo,  ♦448.  598,  599 
Arhlf/a,  *SA6 

Ai'uX  from  roots,  on  marble,  183,  184 
Aconitin,  206 

A&mifum,  ^448,  511,  •612-514 
Aotniit,    *474,    475;    ethereal    oils,    73; 

root,  ♦I 05 
Acrasiecu'j  305 

Acrif&tmitf,  germinal  pore,  294 
AcroKynous  Junge.riiianniaceae„  390 
Acropetal  development,  12,  225 
AtiiMij  511 

Actinomorphic  plants,  16,  453 
Acyclic  rtowers,  451 
AihtuMonia,  239 

Adder's  Tongue  Fern,  Ophioi/l^nMifiii 
A  fit  m  in,  511,  514 
Adventitious  shoots,  20,  225  ;  roots,  41  ; 

buds,  144;  bulbs,  278;  germs,  278, 

♦279,  ^457 
^€)cidi()8pores,  364,  365 
^Et'ifliiiiu,   ^364,   365,  367  ;    pathological 

effwts  of,  155 
Aerating  roots,  43 
Aerobionts,  213 

Aerotropism,  263  ;  iK>lIen  grain.  281 
.Es»ulin,  74,  205 
Aesculits,  .')37  ;  bud-scales.  33  ;  glandular 

ffdleU-rs,  100 


i£stivation,  37,  446 

Aeihcdimn,  304 

Aethnsa,  ♦649,  550 

After-effects,  238,  256 

Agar-agar,  337 

Atjaricineae,  371 

Agaricus,  hypha,  ^60  ;    phosphorescence, 

223 
Ayathis,  439,  442 
Aifav4?,  185,  204  ;  stem,  28 
Aggregator,  594 
Agri mania,  554 
Agroinfrvm  rejten.s^  482 
Agrostemma,  *509 
Agnnttiileae,  480 
Air  stomata,  95,  ^190 

in  intercellular  spaces,  87,  *108,  221 
Aira,  480 
AiztKtceae,  509 
Ajuga,  587 
Aloria.  334 

Albuminates  of  the  protoplasm,  54 
Albuminous  substances,  formation  of,  201 
Alburn  ton,  124 
Alchemilla,  ♦451.  ♦553,  554 
Alcoholic  fermentation.  211,  212 
Alder,  Alnus 

Aleurone,  70,  ^71  ;  a  reserve  material,  205 
Alexine,  212 
Algfie,  Green,  318  ;  forms  of,  11  ;  chloro- 

l)hyll  bo«lies,   57  ;   albumen  crystals, 

71  ;  apical  culls,  148  ;  symbiosis  with 
lichens  and  animals,  213  ;  phosphor- 
escence, 223 

Red.  Rliitdttphffci'tif 
Alj,'al  Fungi,  34i,  343 
Alijttna,  483  ;  jtlanfagn,  shoot  of,  ^457 
,  1  liMHUireae,  482 
Alkah)ids,  .54,  74,  206 
Alhintuin,  203 
Mlimn,  466,  467  ;  bud,  17  ;  fats  and  oils, 

72  ;  <V;/f/,  adventitious  root  of.  *110  ; 
rotation  of  ovaries,  25S 
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Almond,  Pricnvs  Amygdalus 

Almis,  496,  *497  ;  attacked  by  Exoaacfiis^ 

362 
Aloe  socotruia,  *468  ;  oils,  72 

ntgrican^f  *94 
Aloin,  206 
AlopecuniSj  480 
Alpine  Violet,  Cyclamen 
Alpinia,  486 
Alsage  Orange,  Mctclura 
Ahinouleae,  508 
AlsophUa,  400,  *404 
Ai6troe?neriit£,  258 
Alternation  of  generations,  44,  289 
Althaea,  *530,  531 
Aluminium  in  plants,  172,  175 
Alyssum,  519 
Avmnita,  369,  *372,  373 
AmaraiUaceae,  507  ;  thickening,  137 
Amarantvsy  507  ;  bundles,  117 
Aviaryllida^ae,  468 
Amber,  88 
Ambrosieojt,  598 
Amel  com,  Triticum  dicoccum 
Ainentaceae,  492 
Amiciay  *271 
Amide,  54,  203 
Amitotic  division,  62 
Ammonia,  53,  173 
A  mnwn  iaciim^  550 

Ainoch(ie,  213  ;  symbiosis  with  algae,  176 
Amoeboid  movements,  52,  242 
.1  morph  oph  all  iis^  474 
AmiK-lopsis,  *26,  249,  *267,  538 
Amphibious  plants,  236 
Amphigastrium,  *389 
Ainyfjdalae^  228,  556 
Amygdaliu,  74,  205 
Amylodextrin,  70 
Amyloid,  70,  81 
Amylum  centres,  *59,  71 
Amylum  tnfici\  482  ;  marantae,  487 
Anabaena,  213,  308,  408 
Anaaxrdiaceacy  535 
Auacrogynous  JungcnminniaceiUy  389 
Aitucyclus,  599 
Auaerobiouts,  213,  220 
Aiunjidlisj  *570,  571 
Anaua.'iftaf  470 
Anaphases,  62 
Anaptychiay  *380 
Anatomy,  10,  47 
Anatropous  ovule,  *430,  431 
Andim  Araroba,  562 
And  ream,  394,  *395 
Ajidrcae'icaie,  394 
Androecium,  *428,  447,  *448 
^1  ndromeda,  568 
Androjjoijofij  481 
Androjyoffonrae,  480 
And  rosace,  571 


Aneimay  *404 

Anemone^    511-*613,    514  ;    fangiu   on. 

359,  367 
Anemophilous  plants,  282 
Anelhum,  550 
Aneura,  148 
Angelica,  549 
AngiopteriSy  404 
A)igwspermae,     444  ;    fertilisation,    *67, 

454  ;  bundles,  103  ;  floral  leaves,  114 
A  ngrecum  globulosiim,  43 
Anilin  sulphate,  80 
Animals,  agents  for  dissemination  of  seeds, 

292 
Anise,  Illicium 
Anisotropy,  250 
Annual  rings,  ♦123,  *126,  •130 
Annuals,  27 
AnniUaria,  415 
Annidits,   inferus  and  supcrus,  371  ;   of 

sporangia,  248,  402 
Anonaceae,  515 
Antennaria,  598 
Anthda,  461 
Antheinidcae,  598 
Anthcmis,  598,  599 
Anther,  *447 
Antheridia,  319  ;  of  the  Bryophyia,  •SSI ; 

of  the  Ferns,  *405 
Antbesis,  446 
Atithoccros,  *389 
A/ithocerotaccac,  384,  388 
Anthocyanin,  74 
Anthoxanthuni,  480 
Anthriscus,  549,  550 
Anthyllis,  561 
Anticlinal  walls,  149 
Antimony  in  plants,  172 
Antipodal  cells,  454 
A  ntirrhinoidcae^  582 
Antirrhinum,  248,  583 
Autitoxine,  212 
Ant  plants,  213,  *214 
Apex,  147 
Apium,  550  » 
Aplauogametes,  326 
Apocarpous  gyncecium,  448 
Apocynaceac,  83,  575 
Apogamy,  279 
Apophysis,  392 
Apospory,  291 
Apothecium,  351,  359 
Apple,  Pints  medus 
Apposition,  growth  by,  79,  231 
Apricot,  Pninics  armeniaca 
Aqui/idiaceae,  537 
Aquilegia,  511 
Arabis,  519 
Araccae,  473;  roots,   48;  velamen,    100; 

i<lioblasts,  *108  ;  heat  by  respiration. 

221 


INDEX 


607 


Arachis^  561  ;  germluatiou,  293 
Araliaccae^  545 
Aralias^  bundles,  119 
Araucaria,  124,  132,  438,  440 
Arauairiouleae^  439 
Arbor  Vitae,  Thujus 
Arbutoid^ae^  568 
Archa}igdica^  549,  550 
Archtgoniatae,  381,  383 
Archegoniuni,    of    the    Jiryophyta,    881, 
*382  ;   of  Polypodiuniy    405,    '406  ; 
of  the  (iymjwspemiae^  435 
Arctostaphyhm^  568,  *669 
Arcyrm,  '304 
Ardisia,  571 
Areca^  473 
Arenaria,  508 
^l/i7/M,<f,  432 
ArisUAochia,  *490,  566  ;  stem,  109,  *12], 

♦123 
Aristolochiaeeae^  566 
Anneria^  *571,  572 
AnnUlaria.  *369,  372 
ylmi<^£,  506-599 
Arrow-grass,  Triglochin 
■     -head,  SiujUtarm 

-root,  487 

-woo<l.  Viburnum 
Arsenic  in  plants,  172 
Artemisia,  598,  599 
Arthrosporous  bacteria,  309 
Artichoke,  Cytucra  scolymus 

Jerusalem,  Helianthus  tuberosus 
ArliH-arpus,  502 
Arum,  ♦473,  ^474 
Asafoetiday  550 
Asarabacca,  Asarum 
Amnniij  ♦yeS,  566 
Asclepiada/^eaf.,  83,  576 
AsdepUiSy  ♦575,  576 
A8Coiich4;miej  378 

A8Co7nycefe,s,  213,  342,  351,  375  ;  cells,  66 
Ascus,  342,  ^351 
Asexual  generation,  384 

reproductiou,  275 

spores,  341 
Ash,  334 
Asparagin,  74  ;  protoplasm,  54  ;  bleeding, 

185  ;  from  carbohydrates,  202 
AsjMragoideat^y  466 

Asparagus,  466,  467  ;  rust  fungus  of,  366 
Aspert/illus    qlaucus^    ^353 ;     fumigatus, 

212 
Asjperula,  *588,  589 
Aspidium,  291.  ^397,  400,  ^401,  406 
Aspidosperma,  575 
Asjdenium,    195,  227  *,   scale  -  hairs,   ^98  ; 

buds,  279 
Assimilation,  195 

starch,  68 
Aster,  598 


Astereae,  598 

Asterophyllites,  415 

Astragalus,  561,  562  ;  gum,  81  ;  pilostyles, 
209 

Astrantia,  546 

Asymmetrical  flowei-s,  453 

Atavism,  154,  277 

Athyriuin,  279,  291 
!  Atmospheric  pressure,  187 

A  triplex,  507 

Atropa,  ^580,  582 

Atropin,  206 

Atropous  ovule,  ^430,  431 

Attraction  spheres,  ^48 

Attractive  apparatus,  283 

Aurantieae,  receptacles,  88 

Auricidaria^  111,  368 

Auriadarieae,  363,  368 

A  utf.tbasidiomycetes,  363 

Autcecious  Uredir\eae,  366 

Autonomic  movements,  248,  270 
I  Autumn  wood,  123 
I   Auxanometer,  232,  233 

Auxospores,  313,  ^314 

Arena,  480,  481  ;  stareh,  ^69 

Aveiieae,  480 

Axial  wood,  138 

Axillary  shooU,  19 

Axis,   21  ;    of  a  shoot,   28  ;  of  a  flower, 
450  ;  of  attractive  apparatus,  283 

Amka,  568 

Azolla.  213,  407,  408,  411 

Azoreila,  547 

Azygospores,  348 

Bacillus,  210,  ^309,  ^311,  ^312 
Bacteria,   210,   305,   308,   309;    nitrogen, 
173  ;    iron  an<l  sulphur,  220  ;   phos- 
phorescent, 223 
Bacterioids,  210 
Bacterium  termo,  309,  311 
Balaniphoraa'ae,  566  ;  re«luction  of  leaves, 

26 
Balm,  common,  MelUsa 
Balsam,  533,  559,  562,  see  Impatiens 

of  Tolu,  562 

of  Peru,  562 
Balsa miuarene,  533 
Bamboo,  Tabasheer,  175 
Bamhusetie,  480 
Banana,  Musa 

Banyan,  Ficus  ffeugaletisis,  imlicus 
Barftarea,  519 
Barberry,  Berheris 
Barium  in  plants  172 
Bark,  141 
Barley,  Jlonteum 
Base,  147 

Base -rocket,  Ressrda  lutea 
Basidia,  342,  ^363 
Basidiumycetes,  342,  362,  363,  375 
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B&s8Wood,  TUia 

Bast,  121,  133,  ♦IS*,  ♦IS?,  ♦ISS 

BastardH,  see  Hybridisation 

Bantard  toad -flax,  Thesium  linophyllum 

Batrachospenfiwnj  384 -•336 

Bearbeiry,  Arctostaphylos 

Bearded  Darnel,  Lolium  ttnuUntum 

Beard  Lichen,  Usnea  barbata 

Bear's-foot,  Helld)or\i8  foetidun 

Bedstraw,  Galium 

Beech,  Fagua 

Beer-yeast,  Sacdiaromycetes 

Beet,  Beta 

Heggiatoay  810  ;  sulphur,  73 

Begonia,  525  ;  roots,  41  ;   bundles,  119; 

multiplication,  228 
scandens^  254 
Begoniaceae,  525 
Belladonna,  582 
Bell-ftower,  Campanula 
Benzoinum,  569 
Berheridaceae,  516 
Be'rheri^,   *516 ;   leaves   of,    36 ;   attacked 

by  rust  fungus,  366 
Berry,  structure  of,  460 
BerUutUetia,  73 
Benda,  550 
BeUi,  235,  ^507 
Betaiu,  203 
Be  ton  V,  Sfarhys 
Btiulit,     496,'  ♦497,     498  ;     bark,     141  ; 

leiiticels,  142 
Brfit/oidrae,  496 
Bicollateral  buudlfs,  104 
Biconies,  i)6H 
Biennials,  27 
Bifont^  547 

Bifurcation,  17-20,  *\\>< 
Bignnnia,  stem,  *138  ;  seed.  *291 
Bignoniatvae,  585  ;  tliickening,  *138 
Bilateral  plants,  17 
Biota,  46 
Birch,  Betula 
Birth  wort,  .  { risttflttch  ia 
Bisynnuetri(!al  plants,  16 
Bitter  principles,  74,  206 
Bitter-sweet,  Si>ln)iuiii  hulramara 
Blacklwrry,  Rultus 
Black  Henbane,  Iff/osci/amvs 
Bla<lder-])luins,  Ejutam'ua 
Bladderwort,  i  'tricularia 
B/fij<ia,  390  :  development,  *14 
Bli-'rhnuni,  429 
Bleeding,  185,  IS? 
ZJ//////W,  507 

Blood  worts,  IItif)iii>dfi'acftie 
Blunn'tUmchiii,  cliiiibiug,  261 
Bitlitus,  369-*;i71  :  tissue,  ^87 
Bom  Ut  carcat;  5  3 1 

Jlnraginareac,  577  :  rust  fungi  on,  367 
lUtmgn,  *57<S 


Boron  in  plants,  172 

Bostryx,  461,  ^462 

Botrychium^  404,  *405 

Botryditun,  825,  ♦826 

Botryose  infloresceuce,  460,  ^461 

Botrytis,  358 

Bouncing  Bet,  Saponaria 

Boviata,  374 

Box,  Bu^cus 

Bracken,  Pterin  aquilina 

Bracteal  leaves,  29-88 

Bracts,  33,  462 

Brake,  see  Bracken 

Branch  stems,  17 

Brand  fungi,  Heinibaaidii 
spore.s,  360 

Brasiliu,  125 

Brassica,  189,  305,  519 

Brazil  wood,  Caesalpinia 

Bread-tree,  A  rtocarpus 

Bristles,  97 

Briza,  480 

Brmneliiiceaf,  470  ;  aerial  roots,  43  ;  water 
reservoirs,  194 

Bromine  in  plants,  172 

Bromus,  480 

Broom,  Orobanche 

Scotch,  Sjxtrtium  ftcojHiriuin 

Bruciu,  206 

Bryinat\  145,  392 

Bnti>nia,  ♦5t>3,  594 

Bnjnpln/ta,  14,  381 

Bnffpsis,  328  ;  thallus,  227 

Buckbean,  Menytiiithf^ 

Buckthorn,  Rhamuus 

Buckwlieat,  Fagttpifri'm    • 

Bud,  'IS,  21 
variations,  154 

Building,  229,  278 

Bugle,  Ajuga 

Bulbils,  22,  278,  279 

Bulftorhaete,  324,  ♦325 

Bulhus,  23 
Scillae.  468 

Bundles,  primary  vascular,  101  ;  conduct- 
ing, 101  ;  collateral,  103  ;  concentric, 
104  ;  termination  of  vascular,  106, 
♦107  ;  flanges  114  ;  course  of  vascular. 
116  ;  common,  cauline,  ami  foliar,  ll** 

Bupir'urum,  546,  549  ;  leaf,  30 

Burdock,  LapjHi 

Burma  u  u  iaceae,  490 

Burrs,  formation  of,  144 

Burst'raccae^  535 

Bush  -  Honeysuckle,  Weigelia 

Bu torn  us,  483 

Butter-bur,  Petasitcs  vulgaris 

Buttercup,  Ban  uncut  us 

Butterwort,  Piuguicu/a 

Bu.iaveae,  539 

Bu.vuii,  539 
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Cacao,  529 

-tree,  Theohnnna  Cacao 
Cactaceae^  526  ;   swollen  stems,  25,  194  ; 

growth,  235 
Cactus,  Cactaceae 
Cae^alpinaceae^  558 
Caesalpinia,  125,  559 
CakUe,  519 
Calabar  beans,  562 
Calamagrostis^  480 
Calamarieue^  415  ;  thickening,  120 
Calami  tea,  415 
Calamus^  473 
Calcium  in  plants,  172,  173 

carbonate,  81,  95 

malate,  83 

oxalate  crystals,  71,  72,  108 
Ca/emlula,  598 
Caien/fulMe,  598 
Calla,  474 

Lily,  Richardia 
CallUhamnion,  334,  *336 
Callitrichacea^,  544 
Callow,  80 

Calluna^  *568  ;  pollen-grains,  *430 
Callus,  144,  228 

-plates,  84,  *85,  *86 
Caloritiopism,  263 
Callha,  511,  *512,  514 
Calycanthajceae^  515 
Calyceraceae,  595 
Caiyciflorae^  448 
Calyptra,  15,  41,  392 
Calyptrogen,  151 
Calysteijui^  577 
Calyx,  446,  '448,  '451 
Cambium,  105,  120-125,  *122 
Canielina,  519 
Camellia^  525 
Campanula  J  *592 
Campanulacme^  592 
Campannlinae^  591 
Canipeachy  wood,  Haemaioxylon 
Camphor,  73,  517 
Campion,  Lychnis 
Campylospenneac^  549 
Campy lotropous  ovule,  *430,  431 
Canarivvij  535 
Candytuft,  Iberis 
Cane-sugar,  74 

Canna,  *486  ;  seed,  294  ;  starch,  69 
Canmihinaceaf,  502 
Cannabis,  *501-503 
CannaceaCy  486 
Cantharellus,  372 
Caoutchouc,  73,  206,  502,  543 
Capillarity,  187 

Capillitium,  248,  303,  304  ;  of  the  Myj-M- 
mycetcSf   248,   293  ;    of  the    Oastero- 
mycetes,  374 
Capitulum,  339,  '461 

3 


CapparulaceaCf  520 

Capparis,  *520 

Caprifolicuxaey  589 

Oapsella,  519  ;  bud  *432  ;  embryo,  *456 

Capsicum,  581,  582 

Capsule,  392,  *459 

Caraway,  Carum 

Carbohydrate,  199,  201,  220 

Carbon,  171-173  ;  absorbed,  195 

Cardamine,  519 

Cardamom,  486 

Cardinal  points,  163,  234 

Carduus,  598 

Carej.;  ^477,  478 

Carica,  peptonising  ferments,  83,  206,  525 

Caricacene,  525 

Caricoideae,  478 

Carinal  canals,  *412 

Carnivorous  plants  *215,  *216 

Carob  tree,  Ceratonia 

Carophyllaceae^  attacked  by  Ustilago,  361 

Carotin,  57,  *58,  59 

Carpels,  427 

Carpinus,   496,    *497 ;   cutting,   *45,    46, 

*182  ;  abnormal  growths,  352 
Carpatsci,  351 
Carpogon,  336 
Carpophore,  547 
Carpospores,  337 
Carragheen,  337 
Carrion  flowers,  284 
Carrot,  liaucus 
Carum,  *546,  549,  550 
Caruncle,  *540 
Caryaphyllac^ae,  *507 
(Mryophylli,  565 
Caryopsis,  460 
Caryota,  *471 
C/assava,  Manihnt 
Cassia,  ^557,  559 
Cassytha,  517 
Castanea,  257,  496 
Castor- oil,  543 

plant,  liicinvs 
Casuarinacea£,  492,  499 
Catechu,  558,  589 
Catkin,  461 
Cat-mint,  Sepeta 
Cauccilis,  549 
Caudicle,  488 
Catderpa,  327,  *328  ;  phylogeny  of,  145  ; 

organs,  225  ;  movement,  241 
Caules  Dulcainarae,  582 
Cecidia,  155 
Cecidamyia,  155 
Cecropia,  213 

Cedar  of  Lebanon,  Cedrus  Libani 
Cednts,  442 

Celandine,  Che/idonium 
Cdast racccu,  537 
Celery,  Apium  gravtolena 
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Cell,  47-50 ;  nucleus,  55 ;  multinuclear, 
59  ;  division,  63  ;  formation,  65,  *66, 
*67  ;  budding,  66  ;  sap,  78  ;  wall, 
75-83  ;  fusion,  83-86  ;  companion, 
102,  133  ;  transition,  107  ;  medullary 
rays,  185  ;  complementary,  142 ; 
filaments,  surfaces,  and  masses,  147  ; 
apical,  148  ;  multiplication,  278 

Cell-plasm,  see  Cytoplasm 

Cellular  plants,  147 

Cellulose,  79,  203 

CeUU,  500 

CetUaurea,  596-598  ;  flower,  *274 

Centaury,  Erythraea 

Central  body,  306 
cyUnder,  ♦109,  110 

CentranthuSf  591 

CentroUpidaceaef  470 

Centrosome,  56 

Centrospermaef  506 

Centrospheres,  *48,  *56,  *61,  *67 

Cephc/dUf  589 

Cephalanthera,  489 

Cephalotus,  216 

Cerastium,  508 

Ceratiomyxaf  303 

CercUonia,  81 

Ceratophyllaceaef  515 

CeratophyUmfif  515 ;  rootless,  44 

CercUf  559 

CeropegiUf  latex  tulies,  *82,  83 

Ceroxylon,  wax,  91 

CelrarUi,  378,  *379.381 

Chaernphyllum ^  549 

ChaetocladiaiHy  349 

Chalara,  350 

Chalaza,  ♦430,  431 

Chalazogaroy,  492 

ChamaeropSy  Al^ 

Chamomile,  Aniheinis^  599 
Wild,  Matricaria 

Chara,   ♦338,    ♦339,    340 ;    spermatozoid, 
♦67 
crinitcL,  parthenogenesis,  68,  280 

Characeaey  319,  337  ;  circulation  of  proto- 
plasm, 53,  245 ;  nuclear  division, 
62 

Chciranthu.%  519  ;  hairs,  ^97 

Chdidonium^  521  ;  sap,  84 

Chemotactic  movements,  243,  281 

Cheniotropism,  263,  281 

Chcnojxxliaceae^  507  ;  thickening,  137 

(.■heno/Hxiiuni,  ^507 

Cherry,  wild,  Prutnis  avium 

dwarf  (Morello),  Prumcs  ceramis 

gum,  89 

Laurel,  Prunus  laurocerasus 

Chervil,  Chacrophylluin 

Garden,  Anthrixais  ctrejJoHnm 

Chestnut,  Castanea 

Chickweed,  Cerastium 


Chicory,  Cichoria  Intybus 

Chitin,  80 

Chives,  Allium  achoenoprasum 

Chlamydospores,  343  ;  of  the  Proioviycu, 

349  ;  of  the  Brand  Fungi,  360  ;  of  the 

Crediiieae,  368 
GWom,573 

Chlorelloj  symbiosis,  320 
ChUyrideae,  480 
Chlorine  in  plants,  172,  175 
Chloroiodide  of  zinc,  79 
CMwophyeeae,  315,  317,  319,  875 
Chlorophyll,  ^57,  198 

grains,  57,  *68,  115,  196,  197,  ^246 
Chlorophytum^  252 
Cliloroplasts,  56,  57,  68,  246 
Chlorotic,  174 
Choanephorw,  349 
Chocolate,  see  Cacao 
ChoiromyceA,  355 

Chondrioderma^  50,  ♦51,  303,  305 
Chondrus,  ^334,  337 
Cfurreocalax,  337 
Choripelalae,  446,  491 
Chorisepalous,  446 
Christmas  Rose,  HelleborHS  nigcr 
Chromatin,  54,  56 
Chromatophores,    ♦48.   57,   ♦SS,  ^59;   in 

ceils,  ^67  ;  in  epidermis,  92 
Chromium  in  plants,  172 
Chromoplasts,  56,  ^59 
Chromosomes,  60,  ^61 
C/i  rotycocaiceaey  306,  376 
ChroiKocais,  306,  376 
Chnw/epideaej  322 
Chrodepus,  322 
Chrysanthemum^  597,  598 
Chrysarf)binumj  562 
ChrysobalanoideaCf  555 
Chytridieat^  346 
Cichorium,  349,  598 
Ci^^uta,  ^547,  549,  550 
Cilia,  52,  ♦67,  242,  303 
Ciiiata,  213 
Cinchona,  ^589 
Cincinnus,  461,  ^462 

Cinnamomum^  ^516,  517  ;  ethereal  oil,  78 
Cinnamon,  517 
CircojeOy  563 

Circulation  of  the  protoplasm,  52,  244 
Circumnutations,  249 
Cirsium,  598 
CissuSf  538 
Cistaceaey  522 
Cistiflora4t\  522 
Citric  acid,  205 
Citron,  Citrus  mcdica 
CUndhis,  594 

Citrus,  534,  ^535  ;  receptacles,  88 
(Uadodes,  24,  ^25,  29 
CladonUi,  ^379,  ^380,  381 
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Clad^phora,  *324  ;  formation,  *12  ;  multi- 
nuclear,  *69,  60  ;  cells,  *64  ;  swarm- 
spores,  *324 

Clmhtstephus,  329,  *331 ;  fonnation,  •12, 
13,  148 

CladUhrxj;  '310 

Clavaria,  'STO 

ClavarUcLCy  370 

C/avicepSy  *357,  358  ;  tissue,  *87 

Cleavers,  Oalium 

CMeft  leaves,  30 

(Jleistoairpae^  394 

Clematis,  511,  514  ;  pith  cells,  *75 

Climbing  roots,  42 

Closing  membrane,  76 

Closterium,  *317 

Clover,  Trifolium 

Cloves,  665 

Club  Mosses,  Lycopodinae 

Chiaiaceae^  524 

Cniats,  598,  699 

Cobneu,  266,  577  ;  seed,  293 

Cobalt  in  plants,  172 

Cocaine,  206,  533 

Coz-ci,  309 

Cocconemaj  *314 

Cocliiearifi,  519,  520 

Cocklebur,  Xanthiuin 

Cocoa,  Cocm 
-butter,  529 
-nut,  CiKOH  nucifera 

Ci^>s,  ♦471,  ^472,  473 

(yOCHs  lapidexxy  germinal  spores,  294 

Co<lein,  206 

(Jodium,  328 

Citelebogyne,  457  ;  adventitious  shoots,  279 

C\)dospenne<te,  549 

Cflenobia,  322 

Coffea,  *588,  589  ;  attacked  by  HemiUia, 
367 

Coffeinum,  206,  589 

(Joffwideae,  589 

Colchicum,  466,  *467,  468  ;  tuber,  23 

Co/eosporiuMf  367 

(hllcmo,  376 

Cdlenchyina,  *78,  108,  111,  327  ;  develop- 
ment of,  •no,  237,  266 

Colleters,  100 

Coloataia^  193 

Colophonium,  443 

Colouring  matter,  48,  74,  92,  187,  206 

Coltsfoot,  Tussilago 

Col umbine,  A  qn ilegui 

Columella,  Myromycetes 
Bryophytes,  384,  392,  393 

(\iluniniferae^  627 

Colza,  Brassica  Rajxi  (oUi/era) 

Coniarum,  *553 

Comfrey,  Symphytum 

Comjnelijiaceaey  470 

Commiphora,  535 


Comi)anion  cells,  102,  133 

Comi>ass  plants,  254 

Compositaty  *596,  696  ;  inulin,  74  ; 
succulent  stems,  194  ;  staminal  leaves, 
*274  ;  attacked  by  Coleosponum,  367 

Compound  leaf,  30 

Conceptacles,  332 

Cone,  vegetative,  *18 

Con/ervoideae,  322 

Confocal  parabolas,  160 

Congo  red,  80 

Ctmidia,  342,  350  ;  fructification,  *356 

Conidiophores,  342,  *363,  ♦366 

Coniferae^  438,  '439,  ♦440,  *441,  ^442  ; 
foliage,  29  ;  roots,  41  ;  young  plants, 
47  ;  sieve-plates,  84  ;  resin-ducts,  88, 
125,  ^126  ;  bast,  132  ;  cypress-Uke, 
194  ;  mycorrhiza,  210  ;  germination, 
294 

Coniferin.  74,  205  ;  wood,  80 

Coniin,  206 

Coniimi,  ^546,  ♦648-660 

Conjugatae,  281,  316,  817,  319 

Conjugation,  315,  316 

Connate  leaves,  30 

Connective,  ^447 

Consortium,  of  lichens,  375 

Constituents  of  plant  body,  171 

Contact  stimuli,  264 

Continuity  of  embryonic  substance,  237, 
240 

Coiitortaey  572 

Contorted  leaves,  37 

Contractile  vacuole,  50 

Convallaria,  466,  468 

Convidrulficeaey  577 

Convolvulus^  ^57  7  ;  coils,  261 

Co-operation  of  living  cells,  188 

Copaiferay  559 

Copper  in  plants,  1 72 

CoprinuHy  369 

Cimiy  377,  380,  '381 

Corallin,  80 

(Lorain nUy  337 

Ci trail iiuiceagy  335 

CoralliorrhizOy  489  ;  rhizome,  23  ;  rootless, 
43  ;  saprophytic,  210 

Cordiay  214 

Cordiactufy  578 

(JordycepSy  358 

Cord'yline.  '139 

Coriandrumy  ^546,  649,  550 

Cork,  ^48,  ♦139,  140,  144 
oak,  Quercus  si/ber 

Cormophytes,  14,  44,  69 

Cormusy  14 

Corn,    ♦69-^71,   201;  laid,  262;  shower 
of,  278 

Cornace/ie^  544,  545 

( 'oni -coc^kle,  .  1  grostemma 

Cornel,  Corn  us 
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Comus,  238,  ♦544,  545 

Corolla,  446,  ♦448,  ♦451 

Correlation  of  growth,  226 

Cortex,  109  ;  Cascarlllae,  543  ;  Cinchonae, 
589  ;  Cinnamomi,  517  ;  Condorango, 
576  ;  Frangulae,  539  ;  Fructus  Aur- 
antii,  535  ;  Granati,  564  ;  Limonis, 
535  ;  Qnercus,  498  ;  Quillajae,  556  ; 
Quebracho,  575  ;  Rhamni  Purshianae, 
539  ;  Salicis,  495 

Cortical  rays,  135  ;  layers  of  hyphse,  377  ; 
pores,  see  Lenticels 

C(yrydalis,  ^520 

Corylus,  496,  ^497 

Corymb,  461 

Cosmariunu  *317 

Cotton,  531 

-plant,  0()ssypiu7n 

Cotyledons,  ^45,  46,  295,  ^456,  ^457 

Cowslip,  Primula 

Cow-wheat,  Melampyrum 

OravibCy  519 

Cranesbill,  Qeranium 

Crassulay  551 

Vrassulacme^  550 

Crataegus^  554,  555  ;  thorns,  26  ;  colour- 
ing matter,  58  ;  leaves,  190,  ^191 

Crenate  leaves,  30 

CrenothriXf  311 

Orepi^,  598 

Cress,  Bitter,  Gardamine ;  Garden,  Lepid- 
ium  sativum ;  Indian,  Nasturtiuvi ; 
Penny,  Thlaspi ;  Rock,  .1  rabis ; 
Water,  Nasturtium  ojfficinale ;  Winter, 
Barharea 

Cribraria,  *304 

Crocus,  469,  470  ;  tuber,  23 

Cronartiuin,  367 

Croton,  543 

Crow}>erry,  Black,  Empetrum  nigrum 

Crow  foot,  Ra  n  u  n  c  ulus 

Crown  Imperial,  Cucumis  satii^us 

Crucibulum,  ^374 

Oruci/erae,  ♦^IS  ;  mucilage,  81,  293 

Crj'ptogams,  300,  301  ;  vascular,  397 

Cryptospores,  ^356 

Cubeba,  504 

Cucnmlier,  Cucumis 

Cucumis,  594 

Cucurbita,  ^592,  594  ;  sieve-tubes,  ^85  ; 
light,  235  ;  rupture  of  seed -coverings, 
295  ;  pollen-grains,  ^79,  ^430 

Cucurbitncme,  593  ;  bundles,  104  ;  ten- 
drils, *266 

Cudweed,  GnaphaUum 

Cuphm,  see<l,  293 

Cupressoideae,  132,  440 

Cupressus,  438,  440 

Cupuliferae,  495  ;  Mijcorrhiza,  210 

Curare,  574 

Curcuma  Zedoaria^  486 


Currant,  Ribes 

Curvature,  242,  246  ;  growth-,  248  ;  of 
grass-haulms,  262 

CuscHta^  *208,  577  ;  reduction  in  leave*. 
25  ;  roots,  41,  43  ;  haustoria,  2*25  ; 
movement,  241  ;  tendrils,  267 

Cuticle,  90,  92 

Cutin,  80 

Cutinisation,  80 

CutUria,  331 

Cutleriaceaet  331 

Cyanophycea^,  306,  308 

Cyathea,  400 

Oyatheaceive,  400,  404 

Gyathium,  ^540,  542 

Cycadaceae,  437  ;  thickening,  137 

Cycadinae,  213,  437 

Cycas,  308,  437 

Cyclamen,  ^570,  571  ;  stem,  28 

Cyclunthaceae,  475 

Cycle,  40 

Cyclic  flowers,  451 

Cydonia,  81,  554,  555 

Cymose  inflorescences,  461,  ^462 

Cynara  Scolymus,  598 

Cynareae,  598 

Cynips  galls,  155,  499 

Cynodon,  480 

Cyperaceae,  476  ;  haulm    28  ;  sheath,  82 

Cyperus,  477,  478 

Cypress,  Cupressus 

Cyprij/edium,  487,  488 

Cystids,  368 

Cystocarp,  337 

Cystacoccu,s,  377 

Cystoliths,  *7S  ;  callose,  80  ;  calcium  car- 
bonate, 81 

Cystopus,  345 

Cyti^is,  *5Q\,  562 

C>-topla8ni,  ♦48,  '49,  55,  87 

I) ACT y us,  480 

t)ahlii(     variabilis,     598  ;      tubers      42 : 

inulin,  74 
Dandelion,  Taraxacum 
Daphne,  ^539 
Darliugtonia,  216 
Date-palm,  Phcten  ix 
Datura,  193,  ^581,  582 
Daucus,  547,  549  ;  colouring  matter,  ♦SS, 

59  ;  cane-sugar,  74 
Dead-nettle,  Lftmium 
Decurrent  leaves,  30 
Dehiscence,  459 
Delesseria^  335 
Delphinium,  511,  514  ;  cotyledons,  295  : 

fructification,  450 
Demantium,  380 
Dentate  leaves,  30 
Derivative  hybrids,  289 
Dermatogen,  150 
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Desmidiaceue^  317  ;  movements,  244 

iJesinodiumf  561  ;  movements,  270 

Desiccation,  179 

JJeutziay  552 

Development,  periodicity  of,  237 

Dextrin  from  starch,  70 

Dextrorse  stem-climber,  *261 

Diogeotropism,  258 

Dialypetalous,  Dialysepalous,  446 

Iriandrae,  488 

IHanthns,  508 

Diastase,  203  ;  in  the  protoplasm,  54  ;  in 

fungi,  212 
JHatomeae^  312  ;  form,  *ll  ;  silicon,  176; 

movements,  244 
Diatom  in,  313 
Diatropic  movements,  251 
Iticentra,  521 
Jhchiusium,  *461,  ^462 
Dichogamy,  285 
Dichotomy,  17,  148 
Diclinous  flowers,  nee  Unisexual 
IHcvtyledones,  490  ;  nervatiire,  31 ;  bundles, 

i04,  105,  111,  112,  117 
J)icUnnmui,  88,  100,  *101 
l)ictyontma^  380 
iJictunUt.  329,  334  ;  form,  *13,  14  ;  cells, 

*148 
Jficti/otareof,  334 
Differentiation,  159 
Digenotic,  see  Sexual  reprotluction 
Digitalin,  205 
IthjitallH,  '583,  *584 
Dill,  Anethiaii 

Dimorphic  heterostyly,  *286,  287 
JUnqfifujeUata^^  315 
Dioecious  plants,  285,  428 
Jhonaexi,  *215,  216 
hioscitreacene^  470 
hioHjnjrinae^  569 
Ih'ospyrfMj  124 
ItipieeiUoftfoe^  519 
Diplocaulescent  ])lants,  27 
Diplostemonous,  452 
hipmicaceae^  594 
hipsacvs^  595 
Itipteray  155 
liiptertH-iiriHteeaey  525 
Direct  division,  *63 
Disc  of  flower,  *451 
liiftchidia  liajflesiana^  195 
hlsa}Uch^neH^  378 
JUscoNif/cete^,  351,  358,  378 
Disnemination  of  seeds,  291 
DissepimentM,  448 
Diverj?ence,  39 
l)ivide<l  leaves,  30 
I)<K!k,  It  It /flex 

Dogwood,  (JnrnuM 
Jht/irhoa^  562 
hmrma,  546,  550 


Dorsi ventral  plants,  16,  114  ;  shoots,  40 ; 
organs,  251,  264  ;  geotropism,  258 

I>raha,  619 

JJracdetia^  466  ;  raphides,  *72 ;  thicken- 
ing, 139 

TMviySy  128 

Dropwort,  Oenanthe 

Drosercu,  523  ;  digestive  glands,  *99,  *215 

Droseraceae,  523 

Drupe,  460 

Duckweed,  Lemiiaceae 

Duramen,  124 

Duration  of  life,  237,  238 

Dyer's  weed.  Reseda  lutei>la 

Earth-star,  Qeaster 

Kcheceria^  551 

Erhium,  ♦578 

EdfH-arpus,  329,  *331 

Eel-grass,  Zostera 

Egg,  66,  *67,  155  ;  apparatus,  454,  *466  ; 

cells,  290,  431,  464,  ♦456 
Klaeagnaceae,  540 
KlaeagnuSy  540 
Klaeis  yuineemfui^  473 
Klnphoinyc^ji^  355 
Elasticity  of  plants,  165 
Elaters,  248,  388 
Klatinaceaey  525 
Elatine,  525 
Elder,  Sambucus 
Elecampane,  Invla 
Electrotropism,  263 
Klemiy  535 
FJettarui,  '432,  486 
Elm,  Vim  II a 

Kloileu,  245,  283,  483  ;  assimilation,  200 
Klongation,  phase  of,  229 
Etnbryo,  44,  436  ;  bearer,  see  Suspensor  ; 

sac,  ♦65,  281,  290,  431,  ^456 
Embryology,  44 
Embryonic  condition,  19,  44,  224 

substance,  continuity  of,  237,  240 
JCuibryoph yfa  zoidiogama^   398  ;    siphono- 

f/ama^  431 
Emergences,  36,  95,  99,  100 
Kmpdrucetie^  539 
Kmpirical  diagram,  39 
Empuaa^  347 
Emulsin,  203 
KnantiiMastae^  470 
Enchanter's  Nightshade,  Circam 
Endive,  CU'ehorium  Kndivm 
Endocarp,  459 
JCndftcarpftHt  380 
Endochrome  plates,  313 
Eudodermis,  109,^113 
Endogenous  shoots,  20 
Kndophylbnn,  Basidia  of,  *ZQZ 
Kmlosperm,  ^432,  457  ;  Gymnospermous, 

437 


614 


BOTANY 


Enclospores  of  the  bacteria,  309  ;  of  tbe 

fungi,  342 
Enhalus,  283 
Entoinophily,  283 
£ntomophthoreae,  346 
Enzymes,  203 
£phebe,  376 

Ephedra,  444  ;  cells,  65,  *66  ;  veasels,  125 
Ephemenim,  *395 
Epidermis,  90,  *92,  *93,  *94,  *115 
Epigeaii,  458 

Epigynous  flowers,  450,  *451 
EpUohinvi,  563 
Epimediumy  516 
Epinasty,  249,  264 
Epipactis,  489  ;  cell  tUvision,  *63 
Epiphyllum,  *526 
Epiphytes,  214  ;  aerial  roots,  43 
Epipogoiiy  489 
Epitheinia,  *314 

Equisetinae,  400,  412  ;  cuticle,  90 
Equiseiuvi,  *412,  413,  ^414,  *415  ;  silica, 

82,  175  ;   bundles,  105,  111,  *U1  ; 

cells,  *149,  *150  ;  spores,  225 
Ergot,  fungus  of,  Claviceps  purpurea 
Eriai,  568 
Ericac^ae^  *568  ;  attacked  by  Exobasidia, 

869  ;  Mycorrhiza,  210 
Ericinae,  567 
Ericoideae^  568 
Erigeron^  598 
Eriitcavhiceaey  470 
Erio2)honnn,  477 

Erafium,  532  ;  gi-ninvni,  fruit,  *247 
Eri/simum,  519 
EscJischitltziiu  *521 
Ethereal  oil,  73,  88,  206 
Eucalyptus,     565  ;      heterophylly,      31  ; 

stability,  165 
EucheumUf  337 
Eiidorinay  319 
EwjenUi,  •564,  565 
Einn)/retes,  340 
Evjtafon'ea/'t  598 
EujHit<rni(m,  598 
Euphorbia,    *540,    *541-543;     succulent 

stems,  *195  ;  swollen  stems,  25 
Euphorbiaceae,  540 ;  resin,  73 ;  latex  tubes, 

83  ;  succulent  stems,  25,  194,  *195 
Euphorbium,  543 
Euphrasia,  210,  583 
Ev labium,  *353 
EHSi)orangintae,  404 
Evening  Primrose,  Oenothera 
Everlasting  Cat's-foot,  Antenna ria 
Evany nivs,  537,  *538  ;  vegetative  cone,  28 
Exine,  in  mosses,   383  ;  in  Pteridophj'tes, 

399  ;  in  pollen  grains,  430 
Ea-mscim,  351,  *352 
E.X(.tbasi(iia,  *369 
Exocarp,  459 


Exoderrais,  113 

Exogenous  shoots,  20 

Exospores,  342 

Exotropism,  258 

Extra  floral  attractive  apparatus,  283 

Extrorse  anthers,  447 

Exudation  of  water,  193 

Eyebright,  Euphrasia 

Fagoidsak,  496 

Fagqpyrum,  606 

Fagus,  ♦494,  496  ;  leaves,  *115,  116 ; 
wood,  124 

False-flax,  Conulina  sativa 

Fascicular  cambium,  121 

Fats,  72,  220 

Fennel,  Foeniculum 

Ferments,  203,  206,  215  ;  in  the  proto- 
plasm, 54 

Ferns,  FHices  ;  leaves,  29, 143  ;  shoots,  40  : 
vessels,  85  ;  epidermal  cells,  91  : 
scale-hairs,  *98 ;  vascular  bundles 
105  ;  green  pigments,  198  ;  phos- 
phorescence, 223  ;  sperm  atozoids,  243 ; 
apogamy,  279  ;  alternation  of  genera- 
tion, 290 

Fertilisation,  44,  281  ;  self  and  cnxts. 
284  ;  legitimate  and  illegitimate,  286 : 
of  Phanerogams,  66,  *67,  431  ;  of 
Gymnosperms,  435  ;  of  Angiospenns, 
454,  455 

Fenda,  550 

Fe^sttira,  194,  *479 

FeMuceue,  480 

Fibres,  82,  126,  127 

Fibrous  cells,  126,  127,  133,  248  ;  trach- 
eids,  127 

Fibro-vascular  bundles,  ^^  Bundles 

Ficus,  *501  ;  root-supports,  41  ;  cvsto- 
lith,  ♦77.  *78,  81  ;  epidermis,  100  ; 
tissues,  128  ;  titipulala,  264  ;  elatticf*, 
32  ;  indiats,  43  ;  carica,  83, ;  206  : 
hengalensis,  501 

Field  Madder,  Sherardia 

Fig,  Ficus 

Figwort,  Scrophularia 

Filament,  *447 

Filiees,  400 

Filicinae,  399,  400 

Fir,  Norway,  Picea  txcdsis 
Scotch,  Finns  sUvestris 
Silver,  Abies 
Spruce,  Picea 

Fission-fungi,  Schizomycetes 
-plants,  Schizophyta 

Flagella,  242 

Flagellar  movements,  see  Cilia 

Flax,  Linum 

Fleabane,  Erigemn 

Floral  leaves,  29,  33 
shoots,  26 
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Florei),  Anthemidis,  599  ;  Amicae,  599  ; 
Cinae,  599  ;  Koso,  556  ;  Lavandulae, 
587 ;  Malvae,  531  ;  Rosae,  556 ; 
Sambuci,  590  ;  TUiae,  528  ;  Verbasci, 
583 

Fiarukae,  334 

Flower,  *33,  428 ;  arrangement  of,  37, 
451  ;  of  the  Gymnosperms,  *434, 
♦435,  ♦436,  ♦439,  ^440;  of  the 
Angiosperms,  445 ;  morphology  of, 
445  ;  symmetry,  453 

Flowering  plants,  Phanerogamia 

Fluorescence  of  the  chlorophylls,  57,  223 

Fluorine  in  plants,  172 

Fly  Mushroom,  Amanita 

Fiteniailuviy  ^546,  549,  550  ;  ovary,  ^450 

Folds  of  epidermis,  92,  ^170 

Folia  Althaeae,  531  ;  Aurantii,  535  ; 
Belladonnae,  582  ;  Coca,  533  ;  Digi- 
talis, 583 ;  Farfarae,  599  ;  Jaborandi, 
535  ;  Juglandis,  499  ;  Laurocerasi, 
556  ;  Malvae,  531  ;  Melissae,  587  ; 
Menthae  crispae,  587  ;  Menthae  pip- 
eritae,  587  ;  Kosmarini,  587  ;  Salviae, 
587  ;  Hennae  Alexaudrinae,  559  ; 
Sennae  Tinnevelly,  534  ;  Stranionii, 
582  ;  Tabaci,  582  ;  Taraxaci,  599  ; 
Theae,  525;  Trifolii  fibiini,  575; 
Uvae  Ursi,  569 

Foliage  leaves,  29,  34  ;  shoots,  26 

Follicle,  459 

Fontiimlis,  394 

Foo<l,  plant,  constituents  of,  172 

Foot  of  Pteritlophytes,  398 

Forget-me-not,  Myosotis 

Formic  acid  in  insectivorous  plants,  215 

Formulae,  floral,  454 

Fi>rnyihin,  573 

Foxglove,  Digitalis 

Fox -Grape,   Vitis  Lahnisca 

Fraguria^  554  ;  runners,  24,  278 

Fragmentation,  62 

Frangulinaef  537 

Frankincense,  535 

Fnuciuus,  ♦572-574  ;  lenticels,  142 

Free  cell -form  at  ion,  65 

leaves,  37  ;  movement,  260 

Frilillario,  468  ;  leaves,  38  ;  nucleus,  ^56 

Fro};f's-bit,  I/ydritchans 

Frost,  effect  on  foliage,  238,  240 

FructuM  A  nisi,  550  ;  Aurantii  immaturi, 
535  ;  Capsici,  582  ;  Cardamomi,  486  ; 
Carvi,  550  ;  Coriandri,  550  ;  Foeni- 
culi,  550  ;  Juniperi,  442  ;  Lauri,  517  ; 
Papaveris  immaturi,  522 ;  Rhamni 
Catharticae,  539  ;  Vanillae,  490 

Fruit,  459,  460  ;  epidermis,  101  ;  torsions, 
248,  262  ;  Gfmniactae,  293  ;  defini- 
tion of,  433  ;  (rymnoMiwrmN  437  : 
formation  of,  460 

Frallania^  389  ;  wattr-sacs,  195 


Frustules,  312 

Fiicaceae,  281,  330,  334 

Fuchsia,  ^563 

Fucus,  ^330,  ^331,  ^332,  337 

Fuligo,  304 

Fumaria,  520 

Fumaria^eaej  520 

Funaria,  ♦383,  394 ;  leaf- cells,  ^56 ; 
chlorophyll  grains,  ^68 

Fundamental  tissue  system,  107 

Fungi,  341  sqq.;  tissues,  86  ;  phylogeny, 
145  ;  food,  172  ;  exudation,  193  ; 
phosphorescence,  223  ;  algal,  343 ; 
mould,  347 

Fungus,  of  &got.  Claviers  purpurea 
animals,  Myxoviyceies  . 
chirurgorum,  370,  373 

Funiculus,  ^430 

Funkia^  adventitious  shoot,  ^279 ;  egg- 
apparatus,  ^456 

Fusion,  cell-,  83 

Galaxthus,  469 

Oalbanuin,  550 

Oalegoideae,  561 

Gale^psisy  ^587 

Oalium,  589 ;  stipules,  32  :  heliotropic, 
♦252 

Gallae,  499 

Galls,  155,  226 

OaUonia,  ^190 

Gametangia,  318,  319,  331 

Gametes,  66,  281 

Gametoph}^^!?,  397 

GamopetalouH,  Ganiosepalous,  446 

Gamostele,  111,  ^112 

Garcinia,  524,  525 

Garden  Cress,  see  Cress 
Orpine,  Senium  Telephium 

Gardeniay  589 

Garlic,  Allium  sativum 

Gases,  movement  of,  in  plants,  221 

GaMemmycetes,  145,  363,  373 

Geaster,  374 

Gemmae,  22 

Generations,  alternation  of,  44  ;  of  the 
Gymnosperma^y  289  ;  of  the  Br}'o- 
phytes,  383  ;  Pteridoi>hyte»;  397 

Genetic  spiral,  40 

Genista,  194,  561 

Gentiana,  ^573,  575 

Gentianticeae,  574 

Geotropism,  255  ft  suju-a^  ^25 7 

Gera  n  iaceue,  532 

Geranium^  532 

Germ,  ne^  Embryo 
-jwres,  430 

(jrermander,  Teucrium 

German  wheat,  Triticinn  S^xlta 

Germination,  44,  293,  433,  458 

Gesneriaceae,  584 
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Oigastina,  *335,  337 

Ginger,  486 
Wild,  Asariim 

Oingko,  443 

Oladwlusy  469 

Glands,  99 

Glandular  hairs,  *97 
scale,  *97 
colleter,  *98,  100 

Gleba,  373 

Olechoma^  587 

OleditschiUf  659  ;  buds,  19  ;  thorns, 
♦26 

Globoids,  70,  *7l 

OlobtUariaceae,  685 

Oloeocapsa,  10,  *11,  44,  147 

Oloeotrichia,  *307,  308 

Glomerulus,  336 

Oloodnia,  584 

Glucose,  74,  203 

Glumes,  478 

Olumifloraey  475 

Glutamin,  203  ;  in  the  protoplasm,  54 

Glycogen,  73 

Oiyct^rrhiza,  662 

OrtapJialium^  598 

Oiutacea^j  434,  443  ;  vessels,  85 

Onetinae^  443 

Gnetum,  443,  444  ;  thickening,  137 

Golden-rod,  Solidago 

Onugnra^  489 

Gonidia,  Lichens,  377 

Goninioblast,  337 

Ooudlftbirs  condiiranfjo,  576 

Gooseberry,  Rib^s  Grosmikiria 

Goosefoot,  CheunfH}(h'um 

Gossypium^  530,  *531  ;  seed-hairs,  *96 

GracilariUy  337 

Grafting,  ^228,  229 

Gramineue^  478  ;  growth,  21  ;  haulms,  28, 
31,  262  ;  sheath,  •31,  32  ;  silica,  82, 
175  ;  epidermis,  90,  91  ;  root,  152  : 
growtli,  231  ;  germination,  293  ; 
attacked  by  fungi,  360,  366,  367 

Grass,  Arrow-,  Trifjlochin 
Knot-,  Poh/gonvm 
Scurvy-,  Cochlea n'a  nfficinaiu 
Viper's,'  Scorzanera  hispanica 
Whitlow-,  Dntba 
-Wrack,  Zostcra 

Gra<ises,  see  Gramuieae 

Gtadola,  583 

Gravity,  effect  of,  on  plants,  161,  255 

Green  Algae  {sef  Chhu'ophyctae) 

Gromwell,  Lithospenn  am 

G  rou  nd  -  i  vy,  Glech  oma 

Groundsel,  Senecio 

Growing  point,  148 

Growth,  223  w/r/. ;  periods  of,  27,  230  ; 
of  cell-wall,  75,  78,  79  ;  by  intussus- 
ception, 79,  231  ;  indepemlent,  159  ; 


external  influences  on,  235  ;  curva- 
tures, 248 

Gntinules,  531 

Guard-cells,  93 

Guava,  Psidiuni 

Guelder-rose,  Viburnum 

Gum,  81  ;  in  intercellulars,  88  ;  arabic, 
88,  558  ;  resins,  126,  206 ;  tra^ 
canth,  662 

Guinmosis,  81 

Gunnera,  111,  308 

Gutta-percha,  73,  206,  569 

Gutti,  625 

Gymnadenia^  489 

GymnodaduSf  accessory  shoots,  19 

Gymnodinium^  315 

Gymnogramme,  91 

Gymnospermae^  434  ;  bundles,  103,  105, 
114,  117  ;  alternation  of  generations 
289 

Gym  iwspora rujium,  367 

Gymnostomvm^  239 

Gynandraey  487 

Gynoecium,  *428,  *448,  ♦451 

Gynophore,  525,  547 

Gynostemium,  487 

Habit  of  plants,  27,  237 

Hadrome,  see  Tracheal  portion 

Htematoxylin,  125 

Haanatnxyhm^  124,  559 

Haatuxioracedc^  470 

Ilaijenia,  ♦552,  554,  556 

Hair -bell,  Campauvla 

Hairs,  src  Trichomes 

Hidimeda,  328 

HoJirrwjidaceaey  ,563 

HamameUdacear^  552 

Haploeaulescent,  see  Uniaxial 

Hai)lostemonous  flowers,  453 

Hart's-Tongue  Fern,  ^Scolopendrium 

Haustoria,  43,  *208 

Hawkbit,  Leontodtm 

Hawk's-beard,  Crepis 

Hawkweeil,  Hicracium 

Hazel-nut,  Coryli/s 

Heart's-ea«e,  Viola 

Heart  wood,  124 

Heat  jnoduced  by  respiration,  220 

Heath,  Erica 

Heihra  Helix,  ♦545  ;  wood,  1 29 

Hedge-Hyssop,  Gratiola 

-  M ustarti,  Sisymhrivm 

-Nettle,  Stack yf< 
Iledysaroideae^  561 
Hedymnna,    561  ;     movement    of   leaves, 

236 
Helianfheae,  598 
Helianthemtim^  *523 
llelianihiut,  168,  598;  tifherosttjt,  24 
I   HeUdu-ysum,  596,  598 
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Helicoid  Cyme,  see  Bo^tryx 

Heliotactic  movements,  243 

Heliotropism,  261,  252 

Heliotntpium^  578 

Hellebore,  Black  (Christmas  Rose),  UeUe- 
horus  niger 
Green,  Helleborus  viridis 

Hdleborus,  511,  •512,  514  ;  stoma,  190 

Helobme,  482 

llelvella,  360 

Ilelvellaceae^  359 

HeinerocalUs  fulvcL,  *429 

I/emiajtci,  342,  349 

Hemibasidii,  342,  360 

Heviileia,  367 

Hemlock,  Conium 

Poison-,  Conium  macidatnm 
Water-,  Cicuta  virosa 

Hemp,  Cannabis 
-nettle,  G(deopsis 

Heimticae,  308,  381,  384,  385  ;  form,  14  ; 
phylogeny,  145 

Herodeum^  547,  549 

HerVm  Ahsinthii,  599 ;  Camiabis,  503  : 
('ardui  Benedicti,  599  ;  Centaurii, 
575  ;  Cochleariae,  520  ;  Couii,  550 ; 
(ialeopsidis,  587  ;  Hyoscyami,  582  ; 
linguae  cerviuae,  402  ;  Lobeliae,  593  ; 
Meliloti,  562  ;  Millefolii,  599  ;  Ori- 
gani,  587  ;  Rosmarini,  568  ;  Sabinae, 
442 ;  Serphylli,  587  ;  Spilanthis, 
599  ;  Thynii,  587  ;  Violae  tricoloris, 
524 

Herb  Paris,  Paris  qnatlrifulia 

Hercogamy,  287 

Hermai)hr(Mlite,  284,  428 

I/erniaria,  508 

He-speridin,  74 

Heterobasidion,  371 

Ileterocysts,  307 

Hetero^cious  Credineae,  366 

Ileteromerous  tlialli,  377 

Het*?rosporous  Pteridophyta^  399 
Phanerogams,  427 

Heterostyly,  286 

Ih'vea^  543 

inUMTtia,  261 

Jlihisceae,  349,  530 

Ilieraciuin^  598 

Ilddebrandtia^  334 

Ilimant/udia,  332 

IlimantidiuiH^  *314 

Ilip}Knnane^  543 

IlipfHtphoji?^  540 

Ilippitris,  236,  256,  563  ;  vegetative  point 
*150 

I/oirn.s,  480 

Hollv,  Ilt'x 

Hollyhock,  Althaea  rosea 

Houioiomerous  thalli,  376 

Homosjwrous  Pterulnphytay  399 


Honesty,  Lunaria 
Honeydew,  Clariceps  purpurea 
Honey-locust,  (Jleditschia 
Honeysuckle,  Lonicera 

Bush,  Weigdia 
Hop,  Huvixdus 
Hopea^  525 
Hordeae,  480 

Ihrrdeum,  480,  481  ;  roots,  152 
Hormogonia,  307 
Hornbeam,  Carpinus 
Horn-nut,  Trapa 
Horn  wort  Ceratophyllum 
Horse-chestnut  Aescidus 

-ra<Ush,  Cochlear ia  Armoracia 

-tails,  Eqnisitina£ 
Hosla^  see  Funkia 
Houseleek,  Sem})ervivum  teclurum 
Humming-birds,  fertilisation  by,  284 
Ilnmidus,   *502,   503 ;    glandular  scales, 

•97,  99 
Ilumus  acids,  183 

theory,  196 
I/itra  crepitans^  293,  541 
Hyacinth  us^  466 
Hyaloplasm,  51 
Hybridisation,  287 
Hytlathodes,  91,  99 
IlydnecLe,  370 
Hydnum,  ^370 
Hydra,  213,  320 
Hydrangea,  552 
Hydrastis,  514 
Hydrocharis,  236,  245,  483 
Hydrorharifaceae,  483 
Hydrocotyle,  549l 
Hydrogen,  171-173 
Hyifroia/mthuin,  145,  335  ;  form,  *13 
Hydrophilous  i)lants,  282 
Hydrophyllaceae,  578 
H ydrupterideae,  400;  alternation  of  genera- 
tions, 406 
Hydrotropism,  263,  281 
Hygroscopic  curvatures,  •247,  293 
Hylocomium,  394 
Hymenium,  343 
H y nienogasireae,  373 
Hyinfnolidie.nes,  378,  380 
HynienumycHes,  145,  363,  364,  378 
Hynienophyllaceae,  404 
liyoscyamiis,  ^432,  '447,  "581,  582 
Hypecouin,  517,  520 
Hyj)erirncf'(U',  524 
Hypericum ,  *524 
Hyphae,  341  ;  multiuuclear,  60 
Hyjditnn  yretes^  340 
Hypnuni,  394,  "395 
Hyi^ocotyl,  '45,  46,  294 
Hypo<lerma,  111,  170 
Hypogean,  458 
Hyi)ogynous  Howers,  450,  *451 
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Hyponasty,  249 
Hypophysis,  *456,  457 
Hypothecium,  359 
Hysterophyta,  665 

IBKRIS,  519 

Iceland  Moss,  Cetraria 

Idioblasts,  83,  ^108 

lUx,  637 

Illicium^  515  ;  ethereal  oil,  73 

Imbibition,  177,  188,  247 

Imbricated  leaves,  37 

ImpatienSj  533  ;  collenchyma,  *77  ;  epi- 
dermis, ^92  ;  vessels,  101,  *107  ; 
stems,  187 

Incised  leaves,  30 

Independent  locomotion,  241 

India-rubber  plant,  Ficus  dastica 

Indigo,  662 

Individual  variations,  164 

Indusium,  402 

Inflorescence,  460 

Infructescence,  460 

InfMsoria,  320 

Initial  layer,  121 

Insectivorous  plants,  206,  213-216 

Insects,  fertilisation  by,  284 

Integuments,  431 

Intercalary  growth,  21 

Intercellulars,  87  ;  air  space,  87,  *108, 
*221  ;  lysigenic,  88  ;  secretion,  100  ; 
medullary  rays,  134  ;  passages,  222 

Interfascicular  cambium,  121 

Internal  development  of  organs,  237 

Interuodes,  20 

Intine,  430  ;  of  tlie  Pteridophytes,  399 

Intramolecular  respiration,  219  ;  in  fer- 
mentation, 212 

Introrse  autliers,  447 

Intussusception,  growth  by,  79,  231 

Inula,  597-599 

Inulin,  74 

Invertin,  203  ;  in  the  protoplasm,  64 

Iodine  in  plants,  172,  *199,  334 

lpec<icu(tfifta,  228 

Iponioea,  577  ;  free  coils,  *260 

Iriartm,  root-thorns,  43 

Iridamte,  *469  ;  diagram,  38,  *39,  469 

Iridescence,  223 

Irus,  *469,  470  ;  epidermis,  ♦93,  *113 

Iron  in  plants,  172,  174,  220 

Irritability,  movements  of,  see  Turgt>r, 
changes  of 

ImtiSj  519 

Isoete,s,  415,  416,  *422  :  desiccation,  179 

Isogamy,  318 

JastoxEj  592 
JasmiHum,  573 
Jiifeorhizdj  516 
Jessam  i  ne ,  Jasm  i  n  u  m 


Jewel-weed,  Impcttiena 
Judas' -ear,  Auriculuria 
Judas-tree,  Cercis 
Juglanclaceaej  499 
Juglansy  *498,  499 
JuncaceaCy  465  ;  haulm,  28 
Juneaginaceaet  483 
Juncus,  *465  ;  leafless,  26 
Jutigennanniaceae^  389,  390 
JunipentSy  *439,*442;  leaves,  47;  attacked 
by  (.wymnosporangiumy  367 

Kale,  Orarnbe 
Kamala,.  543 
Karyokinesis,  60,  *61 
Kelp,  334 
Kerria^  666 

Kleinia  artic%il<Uaf  194 
Klinostat,  263 
Knarvel,  Sderanthus 
Knautia^  595 
Knot-Grass,  Polygonum 
Kohl-rabi  bearls  373 
Kola  nuts,  *529 
Kramtriay  559 

Labellum,  486,  487 

Lahwtae,  585,  *586  ;  nodes,  21 

Labial  ijioraet  586,  598 

Laburnum,  Cytisua 

Lachnea,  apothecium,  *359 

LaclaHuji,  372,  373 

Lactucay  *5S9,  599 ;  sap,  84  ;  Sea  n't  Ja,  254 

Lactucarium,  599 

Lamina,  29 

Laminaria^  145,  *329,  334 

L(ntiinaria^4Ut€,  329,  334 

Lamium^  *586,  587 

TAippa,  •595,  598,  599 

Larch,  Larix 

LariXy  440 

Larkspur,  Delphininm 

Lateral  geotropism,  258 

roots,  42 
Latex  cells,  83,  84 

Lathraeay  584  ;  albumen  crystals  71 
fjathyrus,  561  ;  leaf- tendrils,  35,  *36 
Lavd/iteay  380 
Ijauracene,  516 
Laurel,  Laurits 
LanruHy  517  ;  ethereal  oil,  73 
iMvandulay  587 
Laintera,  530 
Lavender,  Laratidtila 
Lead  in  plants,  172 
Leaf,    development,    *16,    'IS,    *19,    2!i 

-cushion    {see  Pulvinus)  ;    -scars  34 

tendrils,  35  ;  tissue,  113  ;  floral,  114 

foliage,  115  ;  traces,  116 
Leaves,    arrangement,    37  ;    falling,    143 : 

transpiration,  190 
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Leduiiu,  568 

Legume,  459 

Leffumitwsa^y  556 ;  leaf-cushion,  30 ;  wood, 

128,   130  ;   symbiosis   with  bacteria, 

173,  200,  210  ;  movements  of,  269 
Lemanea,  334 
Lemna^  308,  *475  ;  root<t,  41  ;  movement, 

245,  '246 
Ijemnaceae,,  475 
Lemon,  Citnis  Limouum 
Lenticels,  ♦142,  222 
Uitcarpus,  304,  *305 
J^OHtodon,  598  ;  flower,  *268 
IjepUlmm,  519 

LcpulfMlefidreaCf  422  ;  thickening,  120 
I^jyulostrofyus,  423 
IjfpiotcL,  372 

Leptonie  {nee  Sieve-tul)e  portion) 
Leptosi)orangiate  Ferns,  404 
Uptothrix,  'llj  *309,  312 
I^ssoniay  330 
Lettuce,  Lactvca 
Levcadendrouy  194 
Leucin,  203 
Lfucobrtfum,  391 
Leucojvm,  *468,  469 
I^t/conoMtrt-,  309,  311,  *312 
Leucopla.sts,  56,  59,  "69 
Lrristicvm^  549,  550 
Liaiies,  vessels,  85  ;  medullary  rays,  130  ; 

thickening,  *137,  *138 
Libriform  fibres,  127 
Lichen  islandicus,  *379,  381 
Lic/ienes,  375  ;  callosein,  80  ;  (jf/mnocarpu 

378  ;  angi(tcarpiy  380 
Licorice,  562 

Life,  duration  of,  237,  238 
Light,    inHuenoe    on    growth,    163,    *199, 

*200,  234,  267  ;  heliotropism,  252 
Lignified  cell-walls,  80 
Lignum     Haematozyli,     559  ;     Juniperi, 

442  ;  Quassiae,  535  ;  Santali  nibrum, 

562  ;  Sassafras,  517 
Ligule,    *31,    476  ;   SelarfineHu,   419  ;   of 

hoetejf,  422 
Litjidiflirraey  598 
LiguMnim^  573 
Lilac,  Si^rintja 
LUmcenf^    465  ;    adventitious    butls,    19  ; 

<liagrani,  "38  ;  raphides,  *72 
LiUipmie^  ^464 
Lilwidene^  466 
IJlium^  *452,  466 
Lily  of  the  Valley,  ConxiiUnnn 
Lime-tree,  Tilia 
Lime  scales  on  Saxifrages,  194 
Linaceae,  532,  533 

Liufiria,  583  ;  (Jymbidaria^  254  ;  germina- 
tion, 293 
Linden,  Tilla 
Linen,  533 


Linin,  56 

Linnaea,  590 

Liiiiim,  287,  ♦448,  ^533 

Liqiiidambary  652 

Liriodendrojif  515 

Lithospermunu  678 

Lithium  in  plants,  172 

Litmus,  378 

Live-for-ever,  Sedum  Tdephium 

Liverworts,  llepaticae 

Loasa^^aey  526  ;  stinging-hairs,  97 

Lobed  leaves,  30 

Jyobeliaj  593 

LobeiiacefUj  593  ;  torsion,  258 

Loculicidal  dehiscence,  459 

Locust,  Robinia 

Lodicules,  479 

Jjodoicea^  164 

Lfffjfaniacecte,  67 i 

Logwood,  Haematoxyhn 

Lofhnn,  480,  *482 

Lojiiceraf  590 ;  accessory  shoots,  19  ;  leaf, 
30 

Loiiicereaef  590 

Loosestrife,  Lysimach  ia 
Spiked,  Lythmm 

Lophospennttrnj  *268 

L(/ranthac€nej  210,  566 

Loranthujtf  567 

Lotoideae^  561 

D>tuH,  *559,  561 
Sacred,  Nelvmhiuni 

Louse  wort,  Pedicvlaris 

Lovage,  Levisliann 

Lv/iarui,  519 

Lungwort,  Pulmnnaria 

LvpiuuSj  561 

Lupulin,  99,  206 

Lupulinum,  503 

Lvzula^  465 

Lychvis,  508  ;    Visairia^  92 

Ly  cope  I'd t>,\^  292,  374 

Ly cope rsim Illy  581 

Lycopodiaceae,  400,  416  ;  branching,  19  ; 
roots,  41  ;  bundles,  105  ;  vegetative 
cone,  151,  152;  alternation  of  genera- 
tion, 290 

LycojuKlinae,  150,  400,  415 

LycojHHliinn,  *19,  415,  *417,  *418  ;  gamo- 
stele.  111,  *112,  175 

Lysigenic  intercellulars,  88,  89 

Lysimarhia,  571 

Lythi'aceae,  563 

Lythrvmy  564 


Mace,  51 


Mar/ lint,  125 
MiicrocyatiSy  330 
Macrosi>orangia,  399,  409 
Macros  pores,  290,  399  ;  of  Salvinioy 
♦409  ;  of  Sehtginella,  ♦419.  '421 
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Madder,  Field,  Sherardia 

Magnesium  in  plants,  172,  175,  202 

Magnolia^  515 

Mahonia^  516 

Maize,  Zea 

Majanthemuni,  466 

Majoram,  Origanum 

Malacophilous  plants,  284 

Malformations,  156 

Malic  acid,  205  ;  in  Ferns,  243 

Mallotm,  543 

Mallow,  High,  Malm  silrestris 
Marsh,  Althuea  officinalis 
Rose,  Hibisciis 

Maltose,  203 

Maltum,  482 

M(dva,  254,  *530,  531 

Malvaceae,  529,  *530 

Malveae,  81,  530 

Mamillaria,  526 

Marulra/foray  581 

Mandrake,  Podophyllum 

Manganese  in  plants.  172 

Mangosteen,  Oarcin ia 

Mangrove,  roots,  43  ;  transpiration,  195  ; 
seedlings,  293 

Manihot  vtUissimOy  543 

Manioc,  Manihot 

Manna,  574 

Maunite,  334 

Manubrium  of  the  Characeae,  339 

Maple,  Acer 

Maranta,  480,  487 

Marantatrnp,  486,  487 

Marattia,  *404 

MarattiwraCy  404 

Marchantia,  *381,  *38'2,  *386,  *387  ;  in- 
ternal structure,  145  ;  respiration, 
146,  226 

M ar chant iaceaCy  386 

Mare's- tail,  Jlippuris 

Marsh  Marigold,  CaU/ui  jxi/nstris 

Marsilla.,  225,  *407,  411  ;  movements, 
269 

Mar.si/iaceaCj  407,  411 

Marigold,  Calendula 

Massula  of  Aztdla,  411 

Mastiche,  535 

Matfhiola,  519  ;  liairs,  *97 

Mttfrimria,  *595,  597-599 

Maximum  temperature,  163,  234 

Mafidmc,  480 

Meadow-rue,  Thnlictrum 
-  saffron,  Colck  icu  m 

Mechanical  cells,  82;  tissue,  169,  *170  ; 
influence,  237,  266 

Mfdirago,  292,  294,  561 

Medick,  Mcdianju 

Medlar,  Mr^pilus 

Medulla,  109,  110 

Medullary  rays,  110,  121,  '126,  '127 


Medullary  sheath,  123 

Melampi/runit  583  ;  saprophytic,  210 

Melandryumy  *508 

MelanlhoUlea^  466 

Mdcuitomataxxaey  564 

Melica,  480 

Melissa,  *586,  587 

Melon,  Water,  CUrvllus 
Musk,  Cucumis  Melo 

Melosira,  *314 

Membrane,  protoplasmic,  51,  177  ;  cell- 
wall,  79  ;  pairtitiou  of,  *87  ;  growth, 
231 

Men  ispermaceae,  516 

Mentha,  587 

Menyanthes,  575 

Mercxirialis,  542,  *543  ;  epidermis,  *92 

Mercury  in  plants,  172 

Meristnopeilia^  307 

Meristem,  89,  90,  121 

Mertdius,  371 

Mesendrryanthemum-,  195,  509 

Mestome  (see  Bundles,  primary  vascular) 

Metabolism,  171,  205 

Metamorphosis,  10 ;  of  the  primitive 
forms,  15  ;  of  the  shoot,  22  ;  of  the 
leaf,  28,  34  ;  through  external  influ- 
ences, 155 

Metaphases,  62 

Metaplasm,  55 

MHvjcrifu  389  ;  cells,  *149 

Micra.sterias,  * 3 1 7 

Micrococcus,  *11,  308,  309  ;  combustion. 
212 

Microcyst,  303 

Micropyle,  *430,  431 

Microsomes,  55 

Microsporaugia,  399,  409 

Microspores,  290,  399  ;  of  Salrinia^  *409, 
*410  ;  of  SelagineWu  *420 

Middle  lamella,  •76,  80,  89 

Midrib,  31 

Midsummer  growth,  22,  124 

Mignonette,  Reseda  tnhfmta 

Mildew  fungi,  Erysiphcac 

Milfoil,  Achillea 

Milkwort,  Polygala 

Millet,  Indian,  Andropogtm 

Mimosa,  558  ;  leaf,  30  ;  desiccation.  179 ; 
movements,  270,  *272 

Mlnwsaceae^  558 

Mineral  substances,  178 

Minimum  temperature,  163,  234 

Mint,  Mentha 

Mirabilis,  509 

Mistletoe,  Viscum  allntm 

Mitotic  division,  60 

Mnium,  390,  392,  *393  ;  stem,  '147 

Monandrae,  488 

Moneywort,  Lysimachia 

Man  im  iactae,  515 
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Monoblepharidiueaej  344 
Monoblepharis,  *344 
Monochasium,  461 

Jf(nu)cotj/le(fones,    462,    *463 ;    venation, 
31  ;  bundles,  105,  117  ;   thickening, 
138 
Monoecious  plants,  285  ;  flowers,  428 
Monogenetic  reproduction,  275 
Monopodial  system,  17  ;  inflorescence,  460 
Monopoiliuni,  17 
Monosymmetrical  plants,  16,  453 
Monotrojm^  569 
Monotropeae,  saprophytic,  210 
M(tnstera,  474  ;  leaf,  31 
Monstrosities,  154 
Moonwort,  Bittrychium 
Moraceae^  500 
Morchella,  *351,  *359,  360 
Morel  fungus,  Morchella 
Morin,  125 
Morphin,  206 

Morphology,  external,  9  ;  internal,  47 
Moms,  501,  502 
Mosses,  Mifsci 

Bog-,  SpJuujnnceae 
Moss-j)lants,    383 ;    capsule,    384  ;    stem, 

390 
Movement,  power  of,  159  ;  phenomena  of, 

241  sqq. 
Mucilage-ducts  of  Ci/cadinae,  437 
Mucilaginous  matter,  73,  88 

sheath,  293 
Mucirr,  ♦347,  *348,  *349 
Mucuna,  woo<l,  *137 
Mulberry,  M<rrus 
Mullein,   Verttascum 
Multicellular   formation,  64,  *65  ;  hairs, 

98 
Multiplication,  275,  280 
Mvsa,  484  ;  leaf,  31  ;  seedless,  226 
Mi/st'ceaef  484 
MuHcartline,  358 
Muscariy  466  ;  bifurcation,  19 
Muscarin,  206 

Miisci,  381,  385,  390  ;  fonn,  12, 13  ;  cells, 
148  ;    vegetative  perio<l,  238  ;   sexual 
organs,  391 
Mvncineae^  381 
Muscus  helmiuthocortus,  337 
Mushroom,  Atjaricineae 
Musk-melon,  (Jucumis  Melu 
Mustard,  520 

(plant).  Si f tapis 

Black,  lirassica  niffra 

lYeacle,  Erysim  u m 

White,  SinapiA  a/ha 
Mutilation  of  plants,  226 
Mutisieaf^  596 
Mycelium,  341 
MycetoztHi,  302 
MycumyceteSj  343 


Mycorrhiza,  210 
Mycosin,  80 
Myosotis^  40,  578 
Myrica^  499  ;  wax,  91 
Alyricaceaey  499 
Myricaria^  525 
Myriophyllumj  563 
Myristica,  515,  *516 ;  fat,  73 
Myristicaceae,  515 
Myrmecocliay  21  i 
Myrmecophytae,  213 
Myronic  acid,  205 
Myrosin,  203 
Myrrh,  535 
Myrsinacea^y  571 
Myrsiphylluvu  *261 
Myrtaceae^  564 
Myrtiflorae,  562 
Myrtle,  Myrtns 
MyrtitSy  565 
Myxamoeba,  *51,  303 
Myxomyceten,   302,   305  ;   plasmodia,   50, 
*51 

Xajadaceae,  484 

Xaj(Ui,  484 

yapiibrassica,  see  Brassica 

Narcissus^  469 

Nasturtium,  193,  519,  532 

Neckera,  394 

Nectary,  451 

Nectria,  356 

Negative  geotropism,  251-256 

Nelumhinmy  514 

Neinaliou,  337 

Xe(»ttia,  227,  489 ;  saproph}'tic,  210 

Xf/ten  thaceae,  523 

yej)€nthe.'i,  *34  ;  trap,  *216 

Nepeta,  587 

yerivm,  *574,  575  ;  tissue,  *88  ;  stomata, 
95 

Nervature  of  leaves,  »ee  Venation 

Neslia,  fruit,  '519 

Netted  veined  leaves,  30 

Nettle,  Urtica 

New  formations,  226 

Nickel  in  plants,  172 

Xicotiana,  *448,  *579,  •SSO,  582 

Nicotin,  175 

yifffUa,  511 

Nightshade,  Salannm  niyrum 
Deadly,  Atropa  BeUadunna 

Sitella,  337  ;   protoplasm,   53,  245  ;  tur- 
;  gidity,  *167 

I   Nitrogen  in  plants,  172,  173 
,    Nodes,  20 

Xolanaceat\  579 

No8toc,  307,  *308  ;   symbiotic.  213,  389, 
408 

Xostifcaceae,  306,  308,  376 

Xot(trhizeai!,  519 
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Nourishment,  see  Nutrition 

Nucellus,  ♦279,  430,  431,  ♦456 

Nuclear  cavity,  56  ;  division,  60 

Nucleiu,  54,  202 

Nucleoli,  56,  62 

Nucleus,  ^48 

Nuphar,  514  ;  idioblast,  ♦lOS 

Nut,  structure  of,  459 

Nutations,  set  Autonomic  movements 

Nutmeg,  515 

Nutrition,  159, 171  ;  special  processes,  206 

N^cx,  674 

Xyctaginaceae^  509  ;  thickening,  137 

Nyctitropic  movements,  270 

Xymphaea,  236,  514,  ^516 

Nymphaeaceae^  514,  616  ;  idioblasts,  ♦lOS 

Oak,  Qicercm 

Oats,  Avena 

Obdiplostemonous  androecia,  452 

Ochrea,  32 

OcJirolechia,  379 

Ocimum  basilic  urn  ^  587 

Oedogonium^  ^324 

Oenantke^  547,  550 

Oenothera^  563 

Oidium,  353 

Oil,  ethereal,  72,  73 ;  seed,  Camelina  sativa 
-ducts,  88 

Oleander,  Nerium  oleander 

Oleum  Aurantii  llorum,  535  ;  Cacao,  529  ; 
cadiuum,  442  ;  Cocos,  473  ;  Crotonis, 
543;  Macidis,515;  Menthae  Piperitae, 
r)87  ;  Olivae,  574  ;  Pini  pumilionis, 
443  ;  Ricini,  543 ;  Rosae,  556  ; 
Hosmariui,  587  ;  Santali,  566 

Oligotaxy,  452 

Olive,  Olea 

Onagraceive^  ♦563 

Onion,  Allium  Cepa 

Onobrychis,  294,  561 

Ononis,  561,  562 

Ontogeny,  44,  147 

Oogamy,  302,  318 

Oogonia,  319 

OomyceteSf  341,  347 

Oospheres,  302,  318 

Oosi»ore,  302 

Ophiitglossirceae,  404,  405 

Ophrys,  489 

Opium,  206,  522 

Optimum  temperature,  163,  234 

Opuntia,  ^526,  527  ;  twig,  ^25 

Opuntituie,  526 

Orache,  Afriple.c 

Orange,  Citrus 

root,  I/ytfrasfi^i  canadensis 

Orchidaceae,  *487  ;  roots,  42,  43  ;  tubers, 
*43,  113,  195;  siliceous  bodies,  72; 
mucilaginous  matter,  73  ;  idioblasts, 
83  ;  velamen,  100 


Orchil,  378  ;  saprophvtic,  210 ;  torsion,  258 
OrcAw,  ^488,  ^489  ;  'ovule,  *ibb 
Organic  acids,  72,  74 
Organs,  development  of,  224,  237 
Orientation,    movements    of    protoplasm, 

244  ;  torsion,  258 
Origanum,  587 

Ornithogalnm,  ^466  ;  cells,  ^76,  81 
Omithophilous  plants,  284 
Orobancht,  584  ;  haustoria,  209 
Orris-root,  Iris 
Orseille,  see  Orchil 
Orthogonal  trajectories,  150 
Orthnploceae,  619 
Orthosjyermeae,  549 
Orthoitichies,  39,  40 
Orthotropic,  250 

Oryztu,  480,  ^481  ;  starch,  69,  70 
Oryzeae,  480 

OsciUaria,  ^307  ;  movement,  244 
Osmotic  forces,  187 
Osinnnda,  ^404 
Ostrich  Fern,  Struthiopteris 
Ovary,  ♦448,  ^450 
Ovules,  ^430 
Oxalate  of  potassium,  202  ;   calcium,  81, 

202 
Oxalic  acid,  202 
Oxalidaceae,  632  ;  roots,  195 
Oxalis,  532  ;  acids,  74  ;  movements,  269 
Oxygen  in  plants,  171,  173,  200,  237 

Paeoma,  "428,  511  ;  flowers,  33  ;  amy- 
loid, 81 
Palaquium,  569 
P(dea,  402 

Palisade  parenchyma,  14,  ^78  ;  cells,  115 
Palmae,  471  ;  flowers,   ^463  ;  leaves,  31  ; 

root-thorns,  43  ;  siliceous  bodie^s  7*i  ; 

endosperm,  81  ;  wax,  91  ;  thickening. 

120  ;  stability,  164 
Palmate  leaves,  30,  31 
Palmella  stage,  Algae,  318 
Palm  wine,  185 
Pandaiuueae,  475 
Pandanus,   leaf,   38  ;    adventitious  roots, 

43  ;  seed,  294 
Paniceae^  480 
Panicle,  ^461 
PanicHm^  480 
Pansy,  17/Va 
Pnpar^r,  ^521,  622  ;   uniaxial,  27  ;  leaf, 

30  ;  bundles,  117 
Papareraceae,  521,  622  ;  latisx  vessels,  84 
Papaw,  Carica  Papaya 
Papiliotuiceae,    659 ;    leaf    tendrils,    35 ; 

wood,  137 
Papillae,  95,  ^96 
Pappus,  596  ;  hairs,  248 
Papyrus,  478 
Parallel  veined  leaves,  30 
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Para-nuts,  BertholUtia 
Paraphyses  of  Fucusy  332  ;  of  the  Fungi, 
843  ;  PyrenmnyceUSj  365  ;  DUconiy- 
ceteji,  359  ;  UymenamyceteSy  368 
Parasites,  206  ;  reduction  of  leaves,  25  ; 
roots,  43  ;  influence  on  formation,  155 
Parastichies,  39 

Paratonic  movements,  249,  270 
Parenchyma,    ♦78,    89,    102,  *106,    115, 

131 
Pan^  quaclrifoluL,  154,  446,  *467,  468 
Paniassiaj  251 
Paronychioideae^  506 
Parsley,  Petroselinum 

Beaked,  Anthriscus 

Bur,  Cau^is 

Fool's,  Aethusa 

He<lge,  Torilis 
Parsnips,  Pastinaca 

Cow,  Ueradeum 

Water,  Slum 
Parthenogenesis,  68,  280,  340 
Partite  leaves,  30 
PoAsiflora,  *525 
Pastinaca  J  649 
Pauilinia,  137 
Panlowniu,  583 
Pea,  cotyledon,  *458 
Peach,  Prioius  persica 
Pear,  Pirns  communis 
Pectose,  80 
Pedate  leaves,  30 
Petiiastnim,  *320 
Pedicularis^  583  ;  haustoria,  260 
Peireskiay  526 
Pelarynniumy  *532 
Pellia,  389 
Peloria,  453 
Penicilliumj  *353 
Pennywort,  Water,  Hydrocotyle 
Pentacyclic  llowers,  451,  *452 
Pepi)er,  Black,  Piper  nigrum ^  508 
Peppermint,  Mentha  piperita 
Pepperwort,  Lepidium 
Pepsine  in  the  protoplasm,  54 
Peptonising  ferments,  83,  203,  205 
Perennial  plants,  27,  239 
Perfoliate  leaves,  30 
Perianth,  38,  *428 
Periaxial  wood,  138 
Periblem,  150 
Pericamhium,  see  Pericycle 
Pericarp,  459 
Perichaetiuni,  392 
Periclinal  walls,  149 
Pericycle,  110,  *113 
Periderm,  139,  140 
Periffen/iium,  367 
Pcridineae^  315 
Peridiniitm^  *315 
Peridiola,  874 


Peridium  of  the  Uredinea^,  865  ;  Oastero- 

mycetesy  373,  375  ;  Myxomycetesy  303 
Perigone,  446 

Perigj'nous  flowers,  450,  *451 
Perinium,  399  ;  of  the  Eqitisetaceaey  248, 

*414;  of  Salviniay  *411 
Periodicity  of  development,  237,  238 
Periods  of  growth,  symbols  for,  27 
Periphyses,  355 
Periplasm,  346,  899 
Perisperm,  *432 
Perisporiaceafy  351,  353 
Perisporieaey  352,  353 
Peristome,  248,  392 
Perithecium,  351,  352 
Periwinkle,  Vinca  minor 
Permeability,  166,  167,  177,  178 
Pernambuco  wood,  Caesalpinia 
PeronosporfMfy  344,  346 
Personataey  579 
Penivian  wax-palm,  Ceroxylon 
Petals,  446 
Petasitesy  598 
Petiole,  29 

Petroselinumy  649,  550 
Peucedanvviy  549 
Peziztty  *358 
Phacidiaceaey  359 
Phaeophyceacy  329 
Phaeosporea€y  331 
Phajusy  starch,  *69,  71 
Phaiarideaey  480 
Phallindeacy  374 
PhaJlus,  ♦374,  375 
Phaneri^jaini<iy  45,  240,    374,  375,  427  ; 

fertilisation,  *67  ;  sexual  generation, 

431 
Pharhitis,  *261 
Phasc/iceaey  394 
Phascumy  *384 
Phaserttoideaey  562 
Phaseoh/s^  562  ;    coils,  261  ;   starch,  68, 

*69 
Phef/itf)ferisy  spermatozoid,  *67 
Phellodenn,  141,  *142 
Phellogen,  140,  ^141,  *142 
rhiladeiphvsy  552 
Ph/eum  prafensCy  480 
Phloem,  see  Sieve -tul)e  portion 
Phloeoterma,  109 
Phloroglucin,  74,  80 
Phiou^y  577 
PhtenUy  '472 
I'hormiuniy  *170 
Phosphorescence,  223 
Phosi)horus  in  plants,  54,   70,  171,  178, 

202 
Phototactic,  see  Heliotactic 
Ph  ray  mites,  480 
Phycocyanin,  58,  306 
Phycoerythrin,  58,  335 
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Phycomyces,  849 

Phycomycetes,  341,  343 

Phycophaein,  58,  330 

Phylloclades,  24,  ♦25,  *261 

Phyllotles,  36,  *46,  194,  254 

Phylogeny,  145,  154 

PhysaliSj  581 

Physical  attributes,  160,  167 

Physiology,  6,  159 

Physodes,  55 

Physostignia,  562 

Physostigminuin,  562 

Phytdephas,   81,  205,  473  ;    endosperm, 

*458 
PhyUuma,  592 

Phytolacca,  509  ;  bundles,  117 
Pkytolaccacea€f  509  ;  thickening,  137 
Phytophthara,  344,  *345 
Phytoteratolog}',  154 
Phytotomy,  10 

Picea,  ♦435,  *436,  440  ;  resin,  88 
Picraenat  535 
Pigeon  Berry,  Phytolacca 
Pigweed ,  Ch€ii  opodiu  m 
PUacre,  368,  368 
Pileus,  368,  870 

Piloboly^,  349  ;  heliotropic,  252 
Pilocarpin,  206 
PUocarpiis,  535 
Pilostyles,  209 
Pi/ularm,  *407,  411 
Pimpernel,  .1  ucujallis 
Pimpiiu^Ua,  *546,  549,  550 
Pinaceai\  439 
Pine,  Piavs 

Pine-apple,  Bromeliuceae 
Pinguiadtty  584  ;  trap,  215 
Pink,  Dianthus 
Pinnate  leaves,  30,  31 
Pinnvlaria,  *11 
Pinus.  438,  *441  ;  wood,  ^76,  *123,  *126, 

*127,   •128,   *129  ;  sieve-tubes,   *77, 

*86  ;  attacked  by  Hderobasidiay  371 
Piper,     503,     *504  ;      ethereal    oil,    73 ; 

bundles,  117 
Piperaceae,  503 
Pipe- Vine,  Aristolochia  siplio 
Pints,  *451,  *553,  *554,  555  ;  periderm, 

*141  ;    lenticles,    142  ;    attacked   by 

(iymnosporangium,  351 
Pijftacia,  535 
Pistil,  *449 

Pisian,  *560,  562  ;  leaf-tendrils,  *36 
Pith,  see  Medulla 
Pits,  76,  77 
Pitted  vessels,  85 
Pix  liquidju  442 
Placentation,  *449 
PlaguKhila,  390  ;  form,  "14 
Plagiotropic,  250 
Plankton,  314 


Planogavietes,  318 

Plantaginaceae,  584 

Plantago,  *584,  585 ;  triaxial,  27  ;  bundles, 

101 ;  protogyny,  ♦286 
Plantain,  Plantago 
Plantain,  Water,  Alisma 
Plasmodium,    50,   308,   305  ;    absorption, 

176  ;  movement,  242 
Plasmolysis,  167 
Plasmopara,  845 
Platanacea^^  552 
Platanthera,  489 
Platycerium,  227 
Pleiochasium,  461 
Pleiotaxy,  452 
Plerome,  150 
Pleurococcusy  323 
Plairarrhizeae,  519 
Pleurosignui^  314 
Plum,  Prinius 

Plumbaginuceae,  Plumbago^  571 
Plumule,  *456 
Poa,  278,  480 
Pod,  see  Legume 
Podetium,  379 
Podophylliuum,  516 
Podophylhim,  516 
Podospora,  *356 
Pokeweed,  Phytolacca 
Polarity,  226,  227 
Polemoniaceae,  577 
Pollen -grains,    -sacs,    -cells,    *429,    *430  : 

-tubes,  66,  431,  456  ;  chambers,  488 
Pollination,  282 

Polliniuni  (E\illinariuni),  *488,  576 
Polyareh,  113 
Polycarpicae^  509 
Polycarpum,  285 
Polyenibryony,  279,  457 
Poly  gala,  PolygalaceaCf  *533,  534 
Polygamous  flowers,  428 
Polygonaceae,  504  ;  stipules,  32 
Polyganahim,  *463  ;  rhizome,   *22  ;  synt- 

podium,  18 
Polygon  i}Me,  503 
Polygonum,  504  ;  ovary  of,  *455 ;  attacked 

by  Puccinia,  367 
Polyhe<lra,  320 
Polypodiaceae,  402 
Polypodimn,  402,  404,  ♦405,  ^406 
PolyporeaCy  370 
Polypf>rus,  370,  ♦371,  873 
Polysynimetrical  plants,  16 
Polytomv,  17 

Polytrickum,  391,  392,  394,  ^395 
Pomaceae,  phellogen,  140 
Pomegranate,  Punica 
Poinoideae,  228,  554 
Pond-weed,  Potaviogeton 
Poor-man's  Weather-glass,  AnagaUis  ar- 

vciisis 
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Poplar,  Pupulus 

Poppy,  Papaver 

PvpiiluA,  *493,  495  ;  section  of  bud,  ♦37 

Poricidal  dehiscence,  459 

Portvlaca  rilcracea^  509  ;  seed,  294 

Po-sitive  stimuli,  251  ;  heliotropism,  252  ; 
geotropisni,  257 

PiftamitgetoTiy  *483,  484  ;  seed,  294 

Potash  plants,  176 

Potassium  in  i)lants,  172,  173,  202 

Potato,  tStflani'/H  tuberosum 

Potentilla,  *461,  553,  555 

Poteriunu  554 

]»rickles,  99 

Primordial  leaf,  29  ;  utricle,  49 

Primrose,  PrimiUa 

Primula  J  571  ;  glandular  hairs,  *97,  98  ; 
heterostyly,  *-286 

Pn'mu/trreac,  *570,  571 

I^rit/i  uliniit\  569 

Privet,  Liyuatrum 

Procaraliium  strands,  105 

Promeristem,  89 

Promycelium,  364 

l*rophases,  62 

E'rophylla,  see  Bracteoles 

Proseuchyma,  89 

Protandry,  285,  286 

Proh'orme,  194,  540 

Prothallium,  290,  397,  398,  405,  413,  431 

Protoha«iidia,  *363 

Prnfotocroi<ie(u;  319,  320 

I»rotogyny,  285,  286 

Protnmyces,  349,  *350 

l*rotonema,  *383 

Protoi>hloem,  105,  *106 

Protoplasm,  48,  50  ;  active,-  53,  54  ;  in- 
clusion of,  68  ;  living,  177  ;  move- 
ment, 241,  244 

Protoj.last,  52,  86,  242 

Protoxylem,  105 

Prunouleae,  553,  555 

J*runus,  553,  555,  *556  ;  spinosa,  thorns, 
26  ;  cerasui<,  gum,  81  ;  lenticles, 
142  ;  growth,  226  ;  persiat,  attacked 
by  Ej'iHiscuHy  352 

PsoUioia,  *372 

Pseudoparenchyma,  341 

Pseudoi>erianth,  388 

Pseudo|KHlium,  of  Andraea^  '395  ;  of 
Sjthu.ijituin^  *396 

Psidium,  505 

Ptero("ar]>i  Li^'uum,  562 

Ptrriffnj,hi/(<(, '697;  roots,  15,  43;  bundles, 
101,  105,  119;  cells,  150,  153 

Phris,  *398,  404  ;  vessels,  85,  '86  ; 
bundles,  ♦106,  ♦111;  petiole,  116; 
roots,  *151  ;  creticit^  279 

Pterorarjtus  stnitnliuus^  125,  562 

Pnceinhi,  ♦364,  ^365,  *366,  367 

Puff- balls,  Lyatpcrdoa 


Pu/monaricty  578 

Pulque,  185 

Piilpa  prunorum,  556 ;  Tamarindorum, 
559  ;  Colocynthidls,  594 

Pulvinus,  30,  26*9 

Pumpkin,  Cuairbita  Pepj,  see  also  Glut- 
am  in 

Punica,  Punicaceaey  564 

Purslane,  Piniulaca 

Pycnidia,  of  the  Pyreyiomycetejt,  356  ; 
Vredineae,  ^366  ;  Lichens,  ^380 

Pycnospores,  Pycnoconidia,  see  Pycnidia 

Pyrenoids,  71 

Pyrenolichenex^  380 

Pyremnnycetes,  351,  355,  378 

Pyrocystis,  223 

Pyrola,  Pyndaceaey  569 

Pythuim,  ^346 

Pyxidium,  459 


Qualitative  reproduction,  aee  Sexual 

Quantitative  reproduction,  see  Vegetative 

i^tmssiuj  535 

(^uercus,  ♦495,  ^496,  499  ;  bud-scales,  33 
vessels,  85  ;  midsummer  growth,  124 
sufpfry  cork,  140  ;  bark,  141,  ^143 
galls,  155  ;  growth,  226 

Qifil/r/ja,  552,  555 

Quillwort,  Isoetes 

Quince,  Cydonia 

Raceme,  460,  ^461 

Racemose  inflorescence,  sec  Botryose 

Radial  plants,  16,  453  ;  walls,  149,  see  also 
Actinomorphic 

Radicle,  46 
j    Radish,  Raphanus 

Garden,  liaphanus  sativus 

Radix  Althaeae,  531  ;  Angelicae,  .'»50 
Aniicae,  599  ;  Bella<lonnae,  582 
Calumbae,  516  ;  Gentianae,  575 
Graminis,  482 ;  Ii)ecacuanhae,  589 
Lappae,  599  ;  Levistici,  550  ;  Liqui 
ritiae,  562  ;  Liquir.  mnndata,  562 
Ononidis,  562  ;  Pimpinellae,  550 
Pyrethri,  599  ;  Ratanhiae,  559  ;  Rhei 
5<>6  ;  Sar>ae,  468  ;  Senegae.  534 
Taraxaci,  599  ;  Valerianae,  591 

RoJfU'sUiy  566  ;  Anioldi\  26,  43 

R(tjfil*'siuceae,  566  :  reduction  in  leaves  26, 
209 

Ramntto,  402 

Ram]>ion,  Phyteuma 

Rauunriddrciie,  510 

Rnnunnilus,  ♦450,  •510,  ♦511-^513,  514; 
leaves,  31  ;  bundles,  103,  ^104  ;  cells, 
92  ;  Purshiiy  ^236 

RajH',  limssim  Xapus  (ttlei/era) 

Roj,/,o„t>s,  *518,  519 

Haphi'  of  tin*  hititomeoe^  313  ;  of  the 
ovules,  *430,  431 
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Jiaphiaf  164 

Raphides,  ♦72,  1 39 

Raspberry,  Ruhus 

Receptacle,    of    sporangia,    402 ;    of    the 

flower,  450 
Red  sandalwood,  562 
Reduction  of  leaves,  35,  43  ;  of  transpira- 
tion, 194 
Reindeer  moss,  Cladoiiia 
Rejuvenescence,  76,  275 
Reproduction,  159,  274  sqq. 
Reseda,  522  ;  cells,  ^65 
Resedaceaey  522 

Reser\e  starch,  68  ;  material,  81,  204 
Resin,  21,  73,  88,  126,  134,  206 
Respiration,     159,    216  ;    intramolecular, 

*219 
Respiratory  roots,  43  ;  cavity,  95 
Restiaceae,  470 
Resting-spores,  309 
Reticulate  vessels,  85 
Revolving  movements,  259 
Rhachis,  30 
Rhamnaceae,  539 
Rhamnvs,  142,  *538,  539 
Rhatauy  root,  559 
Rheotaxis,  243 
Rheotropism,  263 
Rheum,  *b05,  *506 
RhinanihoUleae,  583  ;  attacked  by  Goteo- 

sporitiniy  367 
Rhinanthus,  583  ;  haustoria,  209 
Rhizines,  378 
RJiizohiam,  *210,  312 
Rhizocurpac,  406 
Rhizoids,    15 ;    of    the    Bi-yophyta,    383, 

391  ;  of  tlie  Pleridophyta,  397 
Rhizonia  Calami,  475  ;  Filicis,  407  ;  Gal- 

angae,   486  ;   Graminis,   482 ;    Iridis, 

470  ;  Potlophylli,  516  ;  Veratri,  468  ; 

Zedoariae,  486  ;  Zingiberis,  486 
Rhizome,  22,  33  ;  multiplication,  278 
Rhizoinorpha,      *369  ;      phosphorescence, 

223  ;  heliotropism,  253 
Rhirjtphom,  293 
RhodiHlendroideae,  568 
Rhotfomela  sub/uaca,  337 
Rhodophyceae,  13,  334 
Rhiteadinaey  517 
Rlnibarb,  Rheum 
Rhu,i,  535 
Rhylisma^  359 
Rif}esy  *551,   552  ;    attacked  by  Croiiar- 

tiuviy  367 
Riccia,  385  ;  form,  *14 
Ricciaceae,  385 
Rice,  Oryza 

Frencli,  Triticum  dicoccum 
Richardia,  474 
Ricinus  communis  *542,  543  ;  aleurone, 

71  ;  palisade  cells  115 


♦  T" 


Rigour,  cold,  heat,  etc.,  273 

Ringed  bark,  141 

Robinia,    561  ;    leaf,    30,    *B6  ;    tyloses, 

*125 
RocceUa,  378 
Rock-Rose,  European,  HeUanthcmnm  vul- 

gare 
Roestelia,  367 
Rootless  plants,  47 
Roots,    15,   40-47  ;    cap,    15,    41,    •152 ; 

respiratory,  43  ;  primary  cortex,  112, 

113;  sheath,  113;   central  cylinder, 

113;    hairs,    ♦182;    pressure,   ♦184, 

185  ;  contraction  of^  295 
Roso,  553,  556  ;  prickles,  36,  99  ;  ethereal 

oil,  73 
Rosa<:^ae,  552,  ^553 
Rosae  centifoliae  petala,  556 
Rosemary,  Riumutrinus 
Rosiflorae,  552  ;  wood,  129 
Rosmarinus,  587 
RosoUieae,  554 
Rosolic  acid,  80 
Rostellum,  488 
Rotation  of  the  protoplasm,  52,  242,  244 

slow,  method  of,  263 
Royal  Fern.  Osmunda  regalis 
Rozites,  214,  373 
Rvhiaccae,  588 
Rubidium  in  plants,  172 
Ruhiino£,  587 
Ruboide(U%  554 

Ruhuii,  554,  *555  ;  prickles,  36 
Rue,  Ru((i  graveolens 
RnmtM',  504,  505  ;  acids,  74 
Runners,  s*y.  Stolons 
i?i/.vcM.v,  *25 
Rush,  Bog,  Jnnnis 
Flowering,  Butomus 
\Voo<l,  Lvzula 
Russida,  ♦368,  373 
Rust  fungi,  Uredincae 
Ruta,  ^534 
Ruiacear,  534 
Rye,  iSecak  ;  attacked  by  Clavuejis,  358 

Sabadilla,  466 

Saccumina,  282 

Saccharine  in  sap,  185 

i^accJiarmnyces,  350  ;  form,  10,  ♦ll,  56 

Saccharomycetes,  350 

Saccharase,  74 

Saccharum,  480,   ♦481,    482,    507  :   wax, 

91 
Sacred  Lotus,  Nelumbium. 
Saffron,  469 
Sage,  Salvia 
Sagiltaria,  ^483 
St.    Jolin's    Wort,    common,    Hypericum 

ptrforatum 
Salep,  Orchis 
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SdUcarea^^  493 

S(ilishi'ry(L,  443 

.Sti/i>,  ♦493,  494 

Salsify,  Ti'ogopogon  porrifolins 

Salvia,  •287,  293,  407,  687 

Salvinia,  ♦408,  •409,  ♦410,  •411  ;  root- 

less,  44,  181 
Sdhinmceaej  407 
Sambuaut,  *590 ;    phellogen,   141,   ^142 ; 

shoot  of,  ♦no 
SamoliiSy  axillary  shoot  and  leaf,  ^21 
Sandalwood,  Santahim  album 

Red,  562 
Sandwort,  Arenaria 
Stinguisurba^  554 
Sanicula,  549 
SantaJac^ae,  209,  566 
Santalin,  125 
Santahim,  566 
Sap,  185  ;  -cavities,  49 
StijHuriatrae,  535  ;  woo<l,  137 
Stplndinaey  535 
Sfijx»uir{a,  509 
Saponin,  74 

Stipiftar^ae,  569  ;  resin,  73 
Saprolegnieae,  346 
Saprophytes,  206 
Sap  wood,  124 
Stircina,  *Z\2 
Sni-fja.smnn,  330 
Sti  rot  ha  m  ?/  i/.v,  194 
Sa  trace  Ilia,  trap,  216 
Sarraceniacea/',  523 
Sarsaparilla,  468 
Sajisa/ras,  517 
Satureia,  587 
Saxifrmja,   551  ;    calcium-carbonate,    95, 

194 
Saxifriujacea4i,  551 
Stixifrafjinae,  550 
Srfthi'jtHa,  595 

Scalarifonn  vessels,  85,  ♦106,  ♦llO,  '112 
Scale  leaves,  29,  32  ;  hairs,  ^98,  99 
Scaly  bark,  141 
St-niulixj  549 
Scape,  28 
Srenfihjtm  j/j,  ^3 1 9 
Si'histosteifii,  223,  394,  ^396 
Srhizaeacea^,  404 
Sihizocarp,  460 
Srhizo,„i/rftrji,  305-308 
St'hizfpnema,  313 

S'hiz/itphyceae,  58,  305,  306,  375 
S'hizitphyta,  305,  306,  375 
Schizosteles,  •ill 
Schulze's  macerating  mixture,  89 
S-illa,  466  ;  mucilage,  73 
St'irjufidear^  477 
SiirpuH^  477  ;  shoot,  25 
Srita I/linear,  484 
Sfieranthiui,  608 


Sclereuchyma,  111  ;  development  of,  •170, 

237,  266 
Sclerenchymatous  fibres,  ^76,  ^82 
Scleroderma  xndgare,  ^373 
Sderotinia,  359 
Sclerotium  of  the  Myxmnycetes,  63,  304  ; 

of  the  fungi,  341  ;  of  CiavicepSy  358  ; 

of    the   Discomyceies,    359 ;    of    the 

Hymenomiycetes,  368 
Saylopendrium,  ♦402,  ^403 
Scorpioid  cyme,  see,  Cineinnus 
Scorzimera,  598  ;  latex  vessels,  ^84 
Scrophularia,  583 
Scrophtilariaceae,  582 
Scutellum,  295 
Scyphantus,  261 
Scytonema,  380 
Sea-laven<ler,  Stat  ice 

-rocket,   Vukile 
Secale,  *iSO 

comvtum^  358 
Secondary  growth  of  Monocotyledons,  138 
Sedge,  Cyperaceae 
Sedum,  195,  ^551 
See<l,    dissemination,    291  ;    germination, 

293  ;  development  of,  456 
-leaves,    46  ;    -mantle,     432 ;     -plants, 

432  ;  -coat,  458 
Seedlings,  294 
Selaginella,  415,  418,  ^419,   ^420,   ^421  ; 

monopodial,    17  ;    desiccation,    179 ; 

phosphorescence,     223 ;     movement, 

247  ;  alternation  of  generation,  290 
Selaginellaceae,  400,  418  ;  bundles,  105 
Selective  power  of  cells,  177 
Selenium  in  plants,  172 
Semen    Colchici,    468  ;     Cydoniae,    656 ; 

Liui,   533  ;   Myristicae,    616  ;   Papa- 

veris,   522 ;   Quercus,    499 ;   Sinapis, 

520  ;    Strophanthi,    595  ;    Strychni, 

574 
Scvipervivvmy  195,  551 
Seneca,  l*olyga!a  Senega 
Senecio,  Senecioneae,  598 
Senega,  634 
Senna,  659 
Sepal,  446 
Separation,  275 
Septate  wood-fibres,  127 
Septicidal  dehiscence,  459 
Sequoia,  239,  440  ;  stability,  165 
Serjania,  137,  ^138 
Serrate  leaves,  30 
Sesleria,  194 
Sessile  leaves,  29 
Seta,  392 
Setaria,  480 

Sexual  reproduction,  275,  280 
Shallots  Alt  turn  asadonicum 
Sheath,  32  ;  conducting,  204 
Sheep's-bit,  JoAume 
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ShephenlicL,  540 

Shepherd's  Needle,  Scandix- 
Purse,  CapseUa 

SherardiUf  589 

Shields  of  the  Characeae,  339 

Shoots,  18-28,  158  ;  -apex,  *18  ;  adventi- 
tious, 225 ;  pole,  227 

Shrubs,  27 

Si€i/08,  *266 

Sieve-tubes,  *77,  *85,  ♦102,  ♦103,  ♦lOG, 
131,  133  ;  -plates,  78,  84  ;  -vessels, 
83,  84  ;  parenchyma,  103 

Sigillarieae^  423  ;  thickening,  120 

SUene,  SiUnoideae,  92,  ♦507,  508 

Silica,  82 

Siliceous  bodies,  72  ;  earth,  314 

SUicon  in  plants,  172,  175 

SUicidosae,  ^519 

SUiqua,  459 

Siliqtiosae^  519 

SUphium  lacinicUumy  254 

Silver  in  plants,  1 72 

Siniarubaceaej  535 

Simple  leaf, -30 

Sinajns,  519  ;  Ught,  ^235 

Sinistrorse  stem-climber,  ^261 

Sinuate  leaves,  30 

Siphoneaet  325  ;  multinuclear,  60  ;  tissues, 
86  ;  j)olarity,  227  ;  flow  of  protoplasm, 
246 

Siphonoganis,  431 

Sirosiphon,  376 

Sisi/mtrrhtm,  519 

Slum,  *548,  549,  550 

Sleep  movements,  see  Nyctitro])ic 

Slime  fungi,  Myxmnycetes' 

Smiku^,  466,  468 

Smy^rnium^  cotyletlons,  295 

Snake-root,  Polygala  Senega 

Snapdragon,  Antirrhimnn 

Snnpweed,  hnpatiaut 

Snowball  tree,  Vihvmum 

Snowilrop,  Oalanthns 

Snowflake,  Leiicojum 

Soapwort,  Sapunaria 

Sodium  in  plants,  172,  175 

Soil,  absorptive  power,  183 

Scdanacefte,  ^579,  580 

Solanin,  74,  205 

Sitiafium^  581,  582  ;  tuber,  ^24,  261  ;  epi- 
dermis of  leaf,  ^345  ;  tuberosum,  582 

Sol  iff  a  go,  598 

Solonioirs  seal,  Polifgonattnn  imdtijiorum 

Sonchvs,  598 

Sorhus,  554 

Sored ia,  378 

Sfyrghum,  481  ;  araylodextrin,  70 

Sorrel,  Rumex 

Sorus,  402 

Sow-Thistle,  Sonrhus 

Spadicijforae^  470 


Spadix,  461 

SparassiSf  370 

Sparganiacectey  Sparganiumy  475 

SparUunit  25 

Spathodea,  193 

Spectrum  of  chlorophyll,  ^57 

Speculariay  593 

Speedwell,  Veronica 

Spelt,  Tritvcum  Spelta 

Spergvltty  508 

Spermaphyte,  301,  432 

Spermatium,  336 

Spermatia,  of  the  Dictyotaxxae,  S34  ;  Red 

Algae,  336  ;  Uredineae,  366  ;  Fungi, 

380 
Spermatozoid,  66,  281,  302,  318 
Sperm  nucleus,  ^67 
Spermogonia,  366,  380 
Sphttcelia,  358 
SphatreUa,  243,  ♦320,  321 
Sphaerid,  356 
Sph<terothaUia,  379 
Sphuerotherrit  352 
Sphagiuicme,  239,  390,  394 
Sphagnum,  ^391,  ^396;  cells,  146 
Spike,  460,  ^461 
Spikelets  of  Gramineae^  478 
Spilanthes,  599 
Spinach,  Spinacia 
Spiiiacia,  507  ;  starch,  69 
Spindle,  30  ;  fibres,  *6l  ;  -tree,  A'roHywiwx 
Spiraea,  Spiraenideae^  554,  555 
Spiral  vessels,  85 
Spirillum,  ♦ll,  309,  312 
Spirochncte,  309,  *312 
Spirodela,  475 
Spirogyrat  *316,  317  ;  cells,  ^64  ;  pyre- 

uoid,  71  ;  movement,  244 
Spirolobeae,  519 
Spirulinae,  244 
Splachnum,  392 
Spongilla,  213,  320 
Spongj'  parenchyma,  115 
Sporangium,  303,  318  ;  opening,  248  ;  of 

the   Cyatheaceae,  ^404  ;    Equistttino", 

413  ;    Ilydropferidae,    402  ;    M'lrsili- 

aceae,  407  ;  Pteridophytes,  399 
Sporangiophores,  342 
Spores,  45,  280,  300  ;  of  the  y[yj:omycete.<, 

50  ;  thickening,  76,  78  ;  desiccation. 

179  ;  dissemination,  248 
Sporidia,  362 
Sporocarp,  406 
Sporogonium,  384,  388,  392 
Sporophyll,  33,  399,  429 
SporophyU',  398 
Spring  wootl,  123 
Spurge,  Euphorbia 
Spurrey,  Sj)ergula 
Stability  of  the  plant-body,  164 
Stachys,  587 
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Stalked  leaves,  29 

Stameu8,  427,  447 

StainiDodes,  448 

Sia]>elia^  576  ;  succulent  stems,  94 

StaphyUtcoccuSy  312 

Star- Anise,  niicinm 

Starch,  •68,  *69  ;  grains,  199  ;  transitorj', 

204 
Starwort,  SUllaria 
Statice,  572 
Steqncarpae^  392 
Stde,  109,  110 
Sfd/aria,  508 
Stellatae,  589 

Stem,  109  ;  climbers,  258,  see  also  Axis 
SteuumitiA,  *304 
Sterruluicefte,  *528 
Stereome,  *169,  *170 
SttTeuuif  370 
Sti-rigniata,  342,  *368 
Sterile  seeds,  277 
Stick  wort,  StelhirUi 
Stigma,  *448,  U9 
Stitjinai'ia^  423 
Stigniatic  fluid,  194 
Stiu^ing  hairs,  *96,  97  ' 
StiiHi  2>*'-nnatay  247 
Stipe,  194,  370 
Stipules,  29,  32 
Stock,  Matthiola 
Stolons,  24 

Stomata,  94,  189,  222 
Stonecrop,  Mossv,  S^ftum  acre 
Stone-fruit,  s^e  DrujH; 
Stoneworts,  Choraceae 
Storksbill,  Er(nlium 
Sfn/fio(cj<,  483 
Struwl^erry,  Fnujaria 
StrepftMUtccuSy  *312 
Strickeria,  ♦356 
Stroma,  356 

Strontium  in  plants,  172 
St rnphanthu,%  575 
Stnictural  deviations,  154 
Sfriffhinpfen'M,  402 
Strychnin,  206,  574 
StrifchnoSj  574 
Style,  *448,  449 
Stifrarftceae^  569 
Stf/roj-y  569  ;  liquidus,  552 
SuU'rin,  80 

Siil>eriHed  cell-walls,  80 
Subsidiary  cells  94 
Subtending  leaf,  19 
tSticri.say  *595 
Suction  roots,   43  ;  of  transpiring  shoots, 

*192 
Sugar,  73,  185,  199  ;  -cane,  S/tccharuvi 
Sulphur  in  plants,  73,  172,  173,  220 
Sul))huric  juid,  action  in  protoplasm,  63 
Sumach,  Rhun 


Summer    Savory,    Satureia ;    Spores,    »u 

Uredospores 
Sundew,  Drosera 
Sunflower,  Udianthiia 
Suspensor  of  the  embryo  of  Lycopodictceaej 

418 
Swarm-sporea,  50,  *51,  248,  303,  318 
Sweet  Basil,  Ocimum 
Bay,  Launts  nobilis 
Flag,  Aconis 
Sycamore,  Acer  pseudo-Plaianvs 
Svmbionts,  206 

S*ymbiosis,  173,  211,  320,  377,  408 
Symbols  for  periods  of  growth,  27 
Symmetry,  relations  of,  15,  16 
Symjyetalae^  567 
Sympetalous  perianth,  446 
Symphytviny  578 

Sympodial  inflorescence,  see  C^mose 
Sympodium,  17 
Syncarpous  gynoecium,  448 
Synergidae,  454,  *456 
Syrinfja,  226,  573 
Svrupus  Mori,  502  ;  Ribium,  552  ;  Idaei, 

556 
Systems   of   classification,    299,    see  also 

Tissue 

Tabasheer,  175 

Tamaricaceae,  Tamarix^  525 

Tamarindusy  *557,  559 

Tannin,  72,  74 

Tapetum  of  the  Pterulophytay  399 

Taphriiuiy  352 

Tapioca,  543 

Tap-roots,  42 

TarcLcacuniy  168,  248,  "597 

Tarragon,  Arttunisia  I>racuncuius 

Tarteric  acid,  205 

Taxaceafy  443 

TaxineiUy  132 

TiLcixiioideaey  TajrodimHy  439,  440 

Taxvs,  *443,  *444  ;   bundles,  117,  *118, 
*119 

Tea,  525  ;  see  Th^a 

Teak -tree,  Tectona 

Teasel,  hipsacus 

Terhmuy  585,  586 

Tegunient^iry  system,  90 
I    Teleutospores,  364 
I    Tellurium  in  ])lants,  172 
i   TemiHjrature,  influence  on  growth,  234,  267 
<   Tendrils,  26 
•    Tentacles,  99,  215 

Terebinthina,  442 

T^rehinthinaCy  534 

Ternjif rofirtiareae,  525 

Tetnnjonuiy  seed,  294 

'I'etrasj>ores,  335,  384 
I     Tf'tfrrittniy  587 
I    Tha/amijforae,  448 
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Thalictrvm,  117,  511 
Thallium  in  plants,  172 
Thallophytay  301  ;  form,  13,  59 
Thalhis,  10-14,  375 
Thainnidhutu  348 
Thea,  *524,  525 
ThecsB,  447 
Them,  206 
Thehphorme,  370 
Theobroiim,  *529 
Theobrorain,  206 
Theoretical  diagram,  39 
Therm  atropism,  263 
Thesium,  566  ;  Haustoria,  209 
Thickening  of  stem,  75,  120,  137 
Thistle,  Blessed,  On  kits 
Common,  Cirsium 
Plumeless,  Cardvus 
Thladiantha  dubia,  225 
Thlaspi,  172,  519 
Thoni-apple,  Datura 
Thorns,  *26 

Thorough -wax,  Bvpietirum 
Thorough  wort,  Eupatm^um 
Thrift,  Anneria 

Thuja,  ♦433,  440  ;  budding,  *45  ;  leaf,  46 
ITiyme,  Thymus 
Thyvielaea^  Thyvielaeinaef  539 
Thymus,  587 
Tiiia,  *528  ;  wood,  129,  *130,  •131,  *132; 

pollen -grains,  430 
TiU'uraf,  *527 
Tillandsiu,  195 
Tilletw.  Tnietiaceae,  361,  362 
Tin  in  plants,  172 
Tinnevelly  Senna,  559 
Tissues,  86  sqq.;  systems,  90  ;  distribution 

of,    108  ;    secondary,    120  ;    tension 

of,  167  ;  mechanical,  169 
Titanium  in  plants,  172 
Toad-flax,  Linaria 

-stools,  Agaricineae 
Tobacco  plant,  JVictttiuna 
Tixlea  africxtim,  279 
Tdnifera,  560,  562 
TolyjH-lhpsl%  340 
Tomato,  Lyco})frsicum 
Toinentella,  basidia,  363 
Tonoplast,  55| 
Tooth  wort,  Lalhraea 
Torilu%  549 
Torsion,  248,  258-262 
Torus,  *76,  *77  ;  of  flower,  450 
Touch-me-not,  Impaliens 
Touch-woo^l,  Polyporus  fomentarius 
Trachejc  84,  102,  *126,  127,  *128,  185 
Traclieal  portion  of  vascular  bundles,  101  ; 

tissue,  126 
Tracheids,  77,  *82,  85, 102,  125,  126,  ^128 
Trade^cantia,  470  ;  hairs,  ♦53,  98,  244  ; 

nucleus,  62,  ^63  ;  epidermis,  ^94 


Tragacantba,  562 

Tragopogon^  248,  598 

Trama,  373 

Transfusion  strands,  111,  112 

Transitor}'  starch,  204 

Transpiration,  180,  186,  188-192 

Transversal  geotropism,  256 .;  heliotropism, 
252 ;  zygomorphism,  453 

Trapa,  236,  563 

Treacle-mustard,  Erysimum 

Tree,  27  ;  -fenis,  Cyaiheacea^ 

Trefoil,  Trifolium 

TremtUa,  basidia,  ^363 

T^remdlineae,  363,  368 

Trentepohlia,  322 

Trianea,  245 

Tridiicu,  ♦305 

Trichog>-ne,  336 

Trichomanesj  405 

Trichomes,  95,  ^96,  ♦97,  ^98 

Tricoccat^  248,  540 

Trifoliouleae^  561 

Trifdivm,  561 

Triglochin,  483 

Trigonella,  561 

Trimerous  flowers,*  462 

Trimorphic  heterostyly,  287 

Triplocaulescent  plants,  27 

Triticum,  480,  482  ;  starch,  ^69  ;  aleurone. 
♦71  ;  growth,  231 

Trivridaceae,  484 

TropaeohtceoA',  532 

Trop((e»lum,  532  -.Meaf,  34,  ^199  ;  chronia- 
topliores,  ^58  ;  amyloid,  81  ;  water- 
pore,  ^95  ;  exudation,  ♦I 93  ;  helio- 
tropism,  254 

Truffle  Fungi,  Tuherac^'ae 

Trj-psin,  54 

Tsuga  canculensl^  leaf- bud  of,  ^37 

Tuljer,  23,  33,  ♦354,  355;  multiplication 
of,  278 

Tubera,  23  ;  Aconiti,  512  ;  Jalapae,  577  : 
Salep,  490 

Tuheraceae,  352,  355 

Tubercle  fungus,  BacUhis  Tubtrculofsis 

Tubijiorae,  576 

TubiUi/lonie,  597 

Tidipa,  468  ;  bulb,  ^23 

Turgidity,  165-167 

Turgor,  changes  of,  162,  167,  269  ;  tension, 
231,  247 

Turnip,  Brassica  Rapa,  see  also  Betain 
-cabbage,  Brassica  Napus  {Napt^brassim) 

Tussilago,  597-599 

Twin -flower,  Linnaea 

Tyloses,  ^125 

Typha,  475 ;  inflorescence,  225  ;  setti. 
294 

Typhaceae^  475 

Typhus  bacillus,  309,  ^31 2 

TjTosin,  203 
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I'LMACEAE,  500 

Ulmus,  *500  ;  leaf,  *29 

Vlothrix^  328  ;  swarm-spores  *67 

Uh'o.  322  ;  form,  *12 

I'lnU'l,  *461 

ruiMliferue,  545,  *546  ;  oil-ducts,  88 

L  'tnM/{ffor((ef  544 

Vmuiria^  589 

Umlulate  loaves,  30 

Une<iiial  growth,  247 

Uniaxial  plants,  27 

rnict'llular  hairs,  *98 

Tnisfxiial  flowers,  428 

rmlinene,  363,  364 

rreilo,  367 

Uredospores,  364 

rrginedj  466 

r.ocynth,  362 

Cro//it/irSy  367 

Crli'ca,  503  ;  hairs.  *96,  97  ;  movement, 

244 
('rtirii('r<n\   503  ;  resin.  73  ;   latex   tubes, 

83 
('rt{rin(0\  499 
r>//*v/,  378,  *379 
('sti/<t(/infn't'at',  361 
Cstilddo,  *361 
rtilis/ition    of    products    of    assimilation, 

201 
Ctriciiloi'la^    584  ;   leaves,   *35  ;   rootlets, 

44.  181  :  Klauds,  215 
( 'ti'iriilii n't/rf(if,  583 

V.K'riMniDEAK,   \  tuyiniitin,  56S  ;   fungus 

<in,  359 
Vacuoles.  *49,  55,  230 
Vagina,  29 
Val^ritmti.y  *591 
Viili^riono.rea^^  590,  591 
Vdlerumdla^  591 
VnHisnrrui,  245,  283 
Valvate  leaves,  37 
Valves,  313 
VonUta,  '489,  490 
Vanillin,  54  ;  lignitication,  80  ;  coniferin,   ' 

206  : 

Varec,  334  I 

Varieties,  new,  154 

Vascular  traclieids,  82  ;  bundles,  101  ; 
crvptogams,  101  ;  plants,  147 

Voinhi'.na,  :J25.  *326,  ♦327| 

Vi'j(eUible  ivory,  l*hytflephiui 

Vegetative  cell,  *67  :  point,  148  ;  repro- 
duction, 275,  277 

Velanien,  42,  100,  191 

Velum,  372 

Venation  of  leaves,  30,  *191,  *463,  •491. 

Venus  tly-trap,  Dionnea 

Venus's  looking-glass,  Sjn^cnJaria 

Veratrinum,  206,  468 

VenUrnni,  466,  468 


Verbascvm,  •583  ;  leaf,  80 

Verbena^  Verbetuiceae^  586,  586 

Vermes,  213 
Vernation,  37 

Veronica,  583 

Verpa,  360 
'  Verrucaria,  380 

Vervain,   Verbena 

Vessels,  nee  Tracheae 

Vetch,  lAithyrns 

Vibrio,  809,  ♦312 

Viburnum,  590 

Vicia,  561,  562  ;  root,  *211  ;  respiration, 
219  ;  growth,  *233  ;  geotropic  move- 
ments, *258  ;  attacked  by  Uromyces, 
367 

Vii'ioiileae,  561 

Victoria,  514  ;  wanuth  by  respiration, 
221 

Vinra,  *573,  575  ;  sclerenchymatous  fibres, 


Vincetoj-icum  officinaky  *576  ;  attacked  by 

f,Vonartiinn,  867 
Vine,  Vitis  vinifera 
Vinum,  538 
17.;///,   172,   *523,   524  ;    epidermis,   *96, 

99  ;  stipule,  *98 
Vinlaceae,  523 
Violet,   Viola 

Alpine,  Cydamen  euntjKiemn 
Viper's  Bugloss,  Echium 

Grass,  St'orzonera  hisftanica 
Virginia  creej>er,  Ampelopsis 
Viscum.  *566,  567  ;  false  dichotomy,  *17  ; 

epidermis,  139  ;  nutrition,  210  ;  hypo- 

cotyl,  254 
Vitiuno',  537,  538 
Vital  attributes,  160,  167 
Vitis,    *538  ;    wood,    129  ;    tendrils,    26, 

*267 
inmnstans,  *267 
Vitta?,  88 
Volva,  371,  375 
Vnlx'tiraeene,  320 
Volro.r,  319,  *321,  822 

Wallflower,  (Jheirauth us 
Water-culture,   174  ;    imbibed,   177,  178  ; 
distribution    of,    184  ;   exudation   of, 
188,  193  ;  agency  for  disseminati<m  of 
seeds,  292 
Water- ferns,  Ilydrojpterideae 

-lily,  Syinpham 

-milfoil,  Myriophyllum 

-jK'st,  Khnlea 

-soldier,  Stratiotes 

-stomata,  95 

-wort,  KlnUne 
Weiyelia,  590 
Wihritsdiia,  443 
Wheat,  Triticum' 
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Wheat,  "mummy,"  179 
WhorLs,  451,  452 
Willow,  Safur 

-herb,  Epilnhium 
Winter  spores,  xec  Teleutospores 

bud.  21,  32,  96,  278 
Wuttaria,  562 
Witches' -brooms,  Exonscus 
Woad,  Isads 
Woiffia^  476  ;  rootless,  44 
Wood,  121  ;  parenchyma,  102, 126,  *130  ; 

strands,  121  ;   late,  123,  126,  *127. 

129  :  heart-,  124  ;  sap-,  124  ;  fibres, 

127,  *132 
Woodbine,  Lonicfni 
Woodruff,  Aspentkt 
Woodsorrel,  Oxaiis  Acetosella 
Wormwood,  Artemisia 
Wounds,  144 

Xanthix,  75 
Xanthivm^  598 
Xautliophyll,  57,  59,  75 
XanVvrrio,  *376,  *377,  379 
Xylariii^  356 

Xylem.  see  Tracheal  portion 
Xylochrome,  124 
Xf/rif/('cccn\  470 


Yam,  iJioscnn'acci't' 

Yarrow,  Arhi/lra 

Yeast  budding  of  tlie  Henddsci^  350 

Yellow  Pond-lily,  yuphar 

-rattle,  Rh  ino nth  va 

-wort,  Chlora 
Yew,  Taxvs 
Vncco,  249;  thickening,  13^;   -moth.  214 

ZaxardimAj  331 

Zauinchdlio,  484 

Zanonio^  292 

Zea,  *462,  480,  481  :  bundles.  *102,  *103 : 

stem,  *109 
Zinc  in  plants,  172 

Zi/i'ji'f^Hn;  *485.  486  ;  etliereal  oil,  7'i 
ZinijihenicciH;  *484,  *487 
Zone,  neutral,  244  ;  interference,  244 
Zooglcea,  301^ 

Zoospores,  .stv  S\vann-s|K»res 
Znstera,  484 

ZyyncmUy  Zfi'jixt'iiuicedt^^  316 
Zvgomorpliic    plants,    16.    4.'i3  ;     flowers 

2r)8.  264 
Zn(i<nnifntf's,  341-343,  347-349 
Zygospores,  302  ;  of  the  (%))ijin/at(n\  315^ 

*316:  of  .l^/(w,  34S.  *'341* 
Zygote.  302 


THE   END 
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